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© Methods and compositions of a preparation and use of a herpes protease. 


© The present invention relates to the identification and purification of a herpes protease and a nucleic acid 
segment coding for two proteins. The first protein is the herpes protease which is able to cleave itself and also 
cleave the second protein. This protease is required for the assembly of the herpes virus capsid, therefore is 
essential for replication. The second protein has previously been designated as the family of proteins in viral 
infected cells, ICP35. The protease and its substrates are encoded by overlapping nucleic acid segments. This 
invention also relates to a promoter sequence for the second protein. Methods are presented of producing a viral 
protease, screening a protease inhibitor which may be used in a drug designed for the treatment of herpes 

g^jj disease, methods for treating herpes and other viral infections wherein the virus employs a protease substantially 
similar to the herpes protease, for capsid production. Methods for detecting herpes infections and other viral 

_ infections are also disclosed. 
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The government may own certain rights in the present invention pursuant to grants from the National 
Cancer Institute (CA47451) and the National Institute for Allergy and Infectious Diseases (AM 24009 and 
AM 588-11), the United States Public Health Service. 

The present invention relates to the identification and purification of herpes proteases and to nucleic 
5 acid segments coding for such proteases. The present invention also relates to methods of selecting 
candidate substances that are able to inhibit the function of these proteases and the use of such inhibitors 
to detect and treat viral infections. 

Viral Infections Pose Major Health Problems 

70 

Treatment and prevention of viral infections is a major medical goal. To understand the state of the art 
in developing methods of treating and preventing viral infections, it is important to understand the structure 
and function of infectious virus. A virus is a small genetic element that contains either single or double- 
stranded DNA or RNA and can alternate between two distinct states: intracellular and extracellular. A virus is 

75 a obligatory intra-cellular parasite that cannot reproduce by itself. In effect, the virus takes over the 
biosynthetic machinery of the host cell and uses it for viral synthesis. Some of the protein products of the 
viral DNA are special enzymes or inhibitory factors that stop host cell metabolism, but most viral-encoded 
proteins are used in the construction of new virions. Protein synthesis is directed by the virus to produce 
necessary components for its replication and packaging, e.g. the capsid. These components must be 

20 assembled in an order depending on the virus, and new particles must escape from the cell if they are to 
infect other cells. 

The general steps of the intracellular viral replication (lytic cycle) are: 

1 . attachment of the virus to a host cell (absorption); 

2. penetration of the virus or its nucleic acid into the host cell; 
25 3. replication of the viral nucleic acid; 

4. production of viral proteins and other essential components; 

5. assembly of viral nucleic acid and protein components; and 

6. release of mature virion particles from the host cell. 

The overall result of the lytic cycle is new virus particles and dead host cells because the virus has 
30 appropriated the vital forces of the host. In certain types of infection, such as that caused by herpes, there 
may be a latent period wherein the virus resides in the host cell. 

Elucidation of viral genetic systems opens the door to investigations on the mechanisms of viral 
infection and replication which are not simply of academic interest, but are directed toward detection, 
prevention, and treatment of viral caused diseases. Host resistance to viral infection may occur through 
35 absence of a viral-receptor site to prevent attachment of the virus to the host cell; destruction of the viral 
nucleic acids after they are injected into the host cell, for example, by cleavage of viral nucleic acids by 
host enzymes; inhibition of essential viral protein synthesis; or destruction of viral proteins after their 
formation in the host cell. 

Development of antiviral drugs to supplement natural resistance is a major commercial objective whose 
40 goal is to counteract the devastating effects of many viral infections on humans. Unfortunately, treatments 
available to date are inadequate for most types of virus. For example, interferons are cellular antiviral 
substances, low molecular weight proteins, that prevent viral multiplication. However, interferons tend to be 
host specific, not viral specific, and have no effect on host cells already infected. Also, they can be toxic at 
high concentrations. 

45 The target of antiviral drugs may be enzymes uniquely specified by the virus. For example, a major 
target for attack on HIV infections which cause AIDS, is the enzyme reverse transcriptase. Inhibiting this 
enzyme effects blockage of viral replication. Unfortunately, resistance develops to these drugs, e.g. to AZT, 
and is a major limitation of such treatment. The anti-herpes simplex virus drugs currently on the market are 
directed against enzymes which synthesize viral DNA (e.g. acyclovir). Because of emergence of resistance 

50 to these drugs, there is considerable interest in new targets. 

Production of viral proteins is of particular interest as a stage where the virus may be attacked. In the 
extracellular or infectious state, the basic structure of viruses consists of a nucleic acid core surrounded by 
proteins (nucieocapsid). Some viruses also have an envelope that is external to the nucleocapsid, and 
contains lipids and protein. The protein coat is called the capsid. Many different proteins may constitute the 

55 capsid, depending on the virus. Some viruses encode 3-10 proteins, others more than 200. Virus particles 
are called virions; their role is to protect the viral nucleic acid when transferred from the cell in which it 
replicated to a new host cell. After transfer to the host cells, the viral intracellular state begins, and 
replication of the virus is potentiated. A number of non-herpes viruses appear to express proteases with 
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cleavage site specificity which are potential targets for therapeutic intervention. However, no such protease 
has previously been identified for the herpes virus, a particularly widespread infectious agent for which 
treatment and prevention methods are grossly inadequate. 

5 The Herpes Family 

The family of herpes virus includes animal viruses of great clinical interest because they are the 
causative agents of many diseases. Epstein-Barr virus has been implicated in cancer initiation; 
cytomegalovirus is the greatest infectious threat to AIDS patients; and Varicella Zoster Virus, is of great 

io concern in certain parts of the world where chicken pox and shingles are serious health problems. A 
worldwide increase in the incidence of sexually transmitted herpes simplex (HSV) infection has occurred in 
the past decade, accompanied by an increase in neonatal herpes. Contact with active ulcerative lesions or 
asymptomatically excreting patients can result in transmission of the infective agent. Transmission is by 
exposure to virus at mucosal surfaces and abraded skin, which permit the entry of virus and the initiation of 

75 viral replication in cells of the epidermis and dermis. In addition to clinically apparent lesions, latent 
infections may persist, in particular in nerve cells. Various stimuli may cause reactivation of the HSV 
infection. Consequently, this is a difficult infection to eradicate. This scourge has largely gone unchecked 
due to the inadequacies of treatment modalities. 

20 Herpes Simplex Virus (HSV) 

Herpes simplex viruses subtypes 1 and 2 (HSV-1, HSV-2), are herpes viruses that are among the most 
common infectious agents encountered by humans (Corey and Spear, 1986; Whitley, 1990). These viruses 
cause a broad spectrum of diseases which range from relatively insignificant and nuisance infections such 

25 as recurrent herpes simplex labialis, to severe and life-threatening diseases such as herpes simplex 
encephalitis (HSE) of older children and adults, or the disseminated infections of neonates. Clinical outcome 
of herpes infections is dependent upon early diagnosis and prompt initiation of antiviral therapy. However, 
despite some successful therapy, dermal and epidermal lesions recur, and HSV infections of neonates and 
infections of the brain are associated with high morbidity and mortality. Earlier diagnosis than is currently 

30 possible would improve therapeutic success. In addition, improved treatments are desperately needed. 

Extrinsic assistance has been provided to infected cells, in particular, in the form of chemicals. For 
example, chemical inhibition of herpes viral replication has been effected by a variety of nucleoside 
analogues such as 5-fluorodeoxyuridine (FUDR), 5-iododeoxyuridine, 5-iododeoxyuridine, thymine ar- 
abinoside, and the like. 

35 Some protection has been provided in experimental animal models by polyspecific or monospecific 
anti-HSV antibodies, HSV-primed lymphocytes, and cloned T cells to specific viral antigens (Corey and 
Spear, 1986). However, no satisfactory treatment has been found. 

Proteases have not been identified in the herpes viruses, but there is some knowledge of the biology of 
the herpes virus family. Herpes viruses are double stranded DNA viruses that replicate in host cell nuclei. 

40 The herpes virion is constituted from over 30 different proteins which are assembled within the host cell. 
About 6-8 are used in the capsid. The preferred host cells for herpes viruses are vertebrate cells. 

The herpes simplex virus 1 (HSV-1) genome specifies an abundant capsid protein complex which in 
denaturing gels forms multiple bands due to different molecular weights of the component proteins. Some 
preliminary identification of these proteins has been reported. A set of herpes simplex virus 1 (HSV-1) 

45 capsid proteins was reported by Gibson and Roizman (1972, 1974). A genetically and immunologically 
related family of viral capsid proteins identified by their migration bands in denaturing gels has been 
designated infected-cell proteins 35(ICP35). (Braun et al., 1983, 1984) At least four major and a number of 
minor bands in one-dimensional denaturing polyacrylamide gels, and numerous spots in two-dimensional 
gels, have been reported. 

so Braun et al. (1984) using a panel of monoclonal antibodies exemplified by H745 reported that ICP35 
proteins are processed post-translationally into at least 6 species (ICP35a,b,c,d ( e,f) differing in elec- 
trophoretic mobility on SDS polyacrylamide gels. Although characterized by different molecular weights, this 
group of virus polypeptides are detected by the same monoclonal antibodies and are coded by a region in 
the HSV-1 genome. Empty capsids do not contain these polypeptides. A set of proteins possibly analogous 

55 to ICP35 was reported by Preston et al. (1983). 

Nucleotide sequencing has been performed on the HSV-1 genome, and attempts, generally unsuccess- 
ful, have been made to correlate various capsid proteins to sequences of the genome. For example, it has 
been proposed that the ICP35 proteins are encoded by the open reading frame designated U L 26 (McGeoch, 
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et al., 1988). In the present invention it is shown that this prediction was incorrect or at least incomplete. 
Crude mapping of the region encoding ICP35 was attempted by Braun et al. (1984) on the basis of the 
analysis of HSV-1 x HSV-2 intertypic recombinants. These authors proposed that ICP35 is encoded by a 
region located between the genes specifying thymidine kinase (U L 23) and glycoprotein B (U L 27). This is not 

5 a very specific prediction because it covers an area now known to include four genes. 

The present invention resulted from a successful search for a new virus target for therapy. The search 
began by choice of the HSV-1 ICP35 protein family as a substrate. A protease target for antiviral 
chemotherapy, in particular, as applied to herpes virus infections, was identified in this fashion. Methods of 
preparing and detecting the protease, methods for selecting inhibitors of the protease, as well as detection 

w and treatment protocols based on inhibiting the protease, are also aspects of the present invention. The 
finding of similarity between the gene for the herpes protease in HSV-1 and that in human cytomegalovirus 
indicates that the present invention is broad applicable to all herpesvirus, including HSV, CMV, EBV and 
VZV. 

This invention relates to the identification, purification and manipulation of viral proteases for the 

75 development of methodology and compositions for the treatment and prevention of viral infections. The 
proteases of the present invention may be further defined as serine proteases with the properties expected 
of this category of protease. A serine protease is an enzyme which catalyzes the hydrolysis of peptide 
bonds, and typically have a serine residue at the active site. (White, Handler and Smith, 1973). Serine 
proteases also typically include an arrangement of a triad of catalytic residues, that are somewhat removed 

20 from one another in the linear arrangement of amino acids, but brought together as a "proteolytic cleft" in 
the properly folded protease. Various difference have been observed in this catalytic triad from protease to 
protease. For example, in both trypsin and subtilisin serine proteases, Asp, His, and Ser are the amino 
acids of the catalytic triad. However, in trypsin-like serine proteases, they are arranged His, Asp, Ser, 
whereas subtilisin-like proteases are arranged Asp, His, Ser. There are also differences in the relative 

25 spacing of these key residues. In addition, there are other evolutionarily conserved features of these 
proteases which allow them to be identified as serine proteases and subsequently classified. The presence 
of the catalytically important Asp, His, and Ser residues are the crucial tests, however, for membership and 
classification in the serine proteases. 

The proteases of the present invention appear to be essential for development of the capsid of the 

30 virus. Consequently, inhibiting the protease action will lead to disruption of the lytic cycle of the virus. 
Obviously, such proteases are optimal targets for antiviral therapy. In particular, the target is useful for 
attacks on the herpes virus for which no protease has heretofore been reported. The present invention 
relates more particularly to the identification, purification, and manipulation of herpes serine proteases, and 
to the use of inhibitors of the proteases to detect and treat herpes infections. 

35 In an illustrative embodiment, a protease has been purified from HSV-1, a subtype of the herpes 
simplex virus. The apparent molecular weight of this protease as determined by SDS-polyacrylamide PAGE 
gel electrophoresis is approximately 75-85kd, generally about 80kd. The herpes protease is further 
characterized as having an amino acid sequence of approximately 450-635 amino acids. However, these 
ranges are flexible. For example, the 635 amino acid sequence may have at least 329 amino acids removed 

40 from its carboxyl end and still maintain its serine protease activity. In the 635 amino acid embodiment the 
protease cleavage site is located at a position about 18-25 amino acids from the carboxyl terminus, 
preferably about 20 amino acid from the carboxyl terminus. The proteases are obtained either from cells 
injected with HSV-1 and 2, cells transfected with a DNA sequence encoding the protease, or in purified form 
by being synthesized in vitro or in cell free systems, using a reticulocyte lysate, for example, from a rabbit. 

45 After synthesis of the protein, the protein will migrate as a single band on a denaturing gel and is readily 
detected with 35 S labelled methionine. After about 5 hours of protein synthesis, two bands will result. As 
demonstrated in subsequent sections, the second band is a self-cleavage product of the first. 

Characteristics of this protease include: (i) it contains four domains, several of which are not required for 
its catalytic activity and (ii) the active site is near the amino terminus of the protease. Mutations involving 

so amino acid substitutions, deletions, insertion of stop codons or of 20 amino acid stretches into the protease 
have delineated the dispensable domains No. I and No. IV at the amino and carboxyl domains of the gene. 
The essential carboxyl-proximal domain of No. Ill can be separated from the essential amino proximal 
domain of No. II by at least 20 amino acids and the protease will remain functional. 

The amino proximal domain is the most conserved region among Varicella-zoster virus and human 

55 cytomegalovirus homologues of U L 26. Of the conserved aspartic acid, histidine, or serine amino acid 
codons tested in this domain, only the histidine residues 61 and 148 could not be replaced without 
impairment of the proteolytic activity of the protease. Three dimensional crystal structure analyses may 
provide further insight into the structure of the active sites (Skalka, 1989). 
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The present invention also relates to nucleic acid segments which are capable of coding for the herpes 
proteases described herein. In an illustrative embodiment, extensive manipulation of nucleic acid sequences 
within the HSV-1 genome has revealed the secrets of viral mechanisms and allowed isolation and 
purification of useful nucleic acid segments and their expression products. Examples of such manipulation 
5 include incorporation of selected segments of the nucleic acid sequence with appropriate promoters and 
tracers into plasmids to determine the actions and interactions of the genetic regions, their expression 
products, and mechanisms of control over their expression. These specially designed plasmids are aspects 
of the invention. 

Another aspect of this invention is the coding domain in the nucleic acid segment for the family of 
10 herpes simplex virus 1 capsid proteins designated ICP35. This newly defined coding region has been 
designated U L 26.5. In an illustrative embodiment of the coding sequence for ICP35 proteins, the segment 
has been demarcated by the restriction endonuclease cleavage sites Hpa-I and Pst-I. These two cleavage 
sites are located at map positions +832 and +2761. These map locations are defined as distances from 
the transcription initiation site of the U L 26 open reading frame in the HSV-1 genome. This position has been 
75 designated +1. The gene coding for the ICP35 proteins also comprises those sequences that are 
downstream from the Kpnl site which is at map position +2104, and continue all the way to a poly A site at 
position +2138. 

The nucleic acid segments in the present invention are further defined as having overlapping open 
reading frames for the protease and the ICP35 proteins (FIG. 2). These overlapping segments are n 3'co- 

20 terminal." The first segment, the longer of the two, codes for a first protein. This first protein has a 
molecular weight of approximately 75-85kd. The second open reading frame, the smaller of the two 
overlapping open reading frame sequences encodes a second protein that has an apparent approximate 
molecular weight of 40-55kd as determined by SDS polyacrylamide gel electrophoresis, preferably 45kd. 
The first protein is defined to encode a proteolytic module which is capable of cleaving an amino acid 

25 sequence in accordance with serine protease action. The substrate capable of being cleaved may be either 
the protease sequence itself that is encoded by the U L 26 gene, or the ICP35 precursor proteins, which have 
previously been designated ICD35 c, d based on migration in one and two dimensional gels. Insertion of a 
20 amino acid epitope does not preclude cleavage. 

A nucleic acid segment, either DNA or RNA, coding for the second protein includes approximately 990 

30 base pairs in an HSV-1 embodiment. In certain applications, the segment encoded need include only the 
sequences which upon cleavage will yield ICP35 e and f. In other applications, only the cleavage site per 
se may be desired to be encoded, for example in the candidate inhibitor assay described subsequently. In 
an exemplary embodiment, the nucleic acid segment includes those segments essentially as set forth in 
FIG. 1A, line 5, of the present specification, or its functional equivalent. 

35 As used herein, functional equivalents are intended to refer to those enzymes, and their encoding 
nucleic acid sequences, in which certain structural changes have been made but which nonetheless are, or 
encode, catalytically active proteases capable of cleaving ICP35. It is generally known in the art that 
modifications and/or changes may be made in the structure of proteins and still obtain a molecule having 
like or otherwise desirable characteristics. Thus, certain amino acids may be substituted for other amino 

40 acids in a protein structure without appreciable loss of interactive binding capacity with, for example, 
substrate molecules or specific antibodies. Since it is the interactive capacity and nature of a protein that 
defines that protein's biological functional activity, certain amino acid sequence substitutions can be made 
in a protein sequence (or, of course, its underlying DNA coding sequence) and nevertheless obtain a protein 
with like properties. It is thus contemplated by the inventors that various changes may be made in the 

45 herpes protease DNA or protein sequences without appreciable loss of their biological utility or activity. 

In making such changes, the hydropathic index of amino acids may be considered. The importance of 
the hydropathic amino acid index, i.e. hydrophobicity and charge characteristics, in conferring interactive 
biologic function on a protein is generally understood in the art (Kyte et al., 1982). For example, it is known 
that certain amino acids may be substituted for other amino acids having a comparable hydropathic index 

so or score, e.g. generally +/- 1, and still retain a similar biological activity. The relative hydropathic character 
of the amino acid is believed to determine the secondary structure of the resultant protein, which in turn 
defines the interaction of the protein with substrate molecules. Thus, for example, it is proposed the 
isoleucine, which has a hydrophatic index of +4.5, can be substituted for valine ( + 4.2) or leucine ( + 3.8), 
and still obtain a protein having similar biologic activity. Alternatively, at the other end of the scale, it is 

55 proposed that lysine (-3.9) can be substituted for arginine (-4.5), and so on. 

Amino acid substitutions are generally therefore based on the relative similarity of the side-chain 
substituents, for example, size, electrophilic character, charge, and the like. Exemplary substitutions which 
take various of the foregoing characteristics into consideration are well known to those of skill in the art and 
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include, for example: alanine, glycine and serine; arginine and lysine; glutamate and aspartate; serine and 
threonine; and valine, leucine and isoleucine. 

Nucleic acid sequences of the present invention are also useful as hybridization probes, which will in 
turn have a number of applications. Hybridization probes may be employed, e.g., to select mutant gene 

5 clones from libraries, in the preparation of antisense molecules (e.g., stabilized antisense RNA molecules), 
as PCR primers and probes, to name just a few of many applications that involve hybridization as applied to 
(or in addition to) protein encoding capability. Of course, useful hybridization probes may be prepared in 
virtually any length, depending on the intended application and hybridization conditions. For example, 
probes as small as 10 to 14 nucleotides in length can nevertheless be expected to form a stable hybrid with 

w a template molecule, so long as the hybridization conditions are appropriate for the degree of sequence 
homology between the probe and the template. Similarly, molecules ranging in length up to that sufficient to 
encode a gene, or even multiple genes, may be employed as hybridization probes. 

In any event, in preferred embodiments nucleic acid molecules useful as hybridization probes or 
primers, may range in size from, e.g., 10-14 to 20, 30, 40 or 50 or so nucleotides, up to 100, 200, 500 or 

75 even 1000 or 2000 nucleotides in length, depending on the intended application and hybridization 
conditions. 

Thus, nucleic acid segments in accordance with the invention may include a sequence either smaller or 
larger than those illustrated in FIG. 1, for example, it may correspond to an approximately 14 nucleotide 
base pair long region which is capable of hybridizing to the nucleic acid segments of FIG. 1 under stringent 
20 conditions. Small segments such as this may be used as probes to detect the presence of the protease 
coding region. 

A nucleic acid segment may also be a mRNA sequence for the protease or the ICP35 proteins. The 
mRNA for the latter is transcribed at approximate nucleotide position +1000 (a designated distance from 
the herpes U L 26 transcription initiation site which is designated +1) to position +2138. An mRNA is 

25 translated from the methionine initiation codon which is located at +1099. Smaller or larger segments are 
also contemplated depending on the use to which the segment is employed. These mRNA segments are 
useful to synthesize the ICP35 cleavage site. 

Various nucleic acid segments within the herpes genome have been isolated and cloned. A nucleic acid 
segment coding for a herpes protease may be obtained from the herpes genome from a region 

30 corresponding to map locations of the U L 26 herpes open reading frame. A smaller segment contained within 
the protease coding segment lies between the thymidine kinase gene and glycoprotein gB gene and 
includes a DNA sequence from position +832 to +2138. This coding sequence not only may be expressed 
as the ICP35 herpes capsid family proteins, but includes a promoter sequence for regulating the ICP35 
coding sequence. 

35 The ICP35 promoter has been isolated and shown to be an extremely active promoter, as is evidenced 
by the observation that increased numbers of copies of the substrate are produced by the ICP35 encoding 
unit compared to the production of the protease from the longer U L 26 open reading frame. It includes 
between 135 and 168 base pairs and maps between position +832 and +1000 in the first open reading 
frame of U L 26 This promoter region is capable of initiating expression of the ICP35 proteins. It is also useful 

40 in driving expression at an increased rate of other nucleic acid sequences, for example herpes simplex 
genes U s 5 and UJ0. 

Isolation and manipulation of the coding sequence for the ICP35 proteins was an important achievement 
of the present invention because these proteins are used in construction of the herpes virus capsid. To 
become functional members of the capsid, the ICP35 protein precursor ICP35 c, d must be cleaved by the 

45 herpes protease produced by the U L 26 coding sequence, to yield e and f. This protease is capable of 
effecting cleavage of the precursor proteins even when both genes encoding for the protease and the 
precursor are in a trans position. 

The nucleic acid segments of the present invention that carry coding sequences may be carried in a 
recombinant expression vector capable of expressing encoded virus serine proteases. Examples of such 

so nucleic acid segments are those shown for the herpes virus, HSV-1 in FIG. 1 A designated as A-Z, AA-NN of 
the present specification. These nucleic acid segments or their functional equivalents may be operably 
linked, optionally, to selected promoter and/or control elements, as well as to other elements such as a 
termination site, a poly-A addition site and to other elements, as appropriate (see, e.g., plasmids A-Z, AA- 
NN). These components may include promoters such as those capable of controlling the herpes a4, the 

55 ICP35 genes or virtually any other promoter capable of driving expression in the selective host cell. The 
recombinant expression vectors may comprise as a promoter either a eukaryotic or prokaryotic promoter, 
and may include a polyadenylation signal at position 3' of the carboxyl terminal amino acid. The promoter 
may be within a transcriptional unit of the encoded protein. Vectors may also include markers which have 
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been used for the analysis presented herein. Examples of host cells are BHK cells, Vero, E. coli or other 
eukaryotic or prokaryotic cells known to those of skill in the art to permit expression of transferred vectors 
according to the present invention. 

This invention further relates to methods of preparing a herpes protease. An embodiment of such 
5 methods includes the following steps: 

(1) Preparing a nucleic acid segment which encodes the herpes protease; and 

(2) Allowing the segment to be expressed in order to produce the protein. 

In an illustrative embodiment the method of preparing a protease includes use of a host cell into which 
the nucleic acid segment has been transferred. The host cell is cultured under conditions suitable for 

70 expression and the protein is thereby expressed. The method may also include a step wherein the protein 
is isolated and purified by methods well known to those skilled in the art. The degree of purification required 
will depend on the application for which the protein is intended. Alternatively, the nucleic acid segment may 
be expressed in a cell free system, such as a rabbit reticulocyte lysate, or synthesized by an automated 
protein synthesizer as referenced herein. 

75 A nucleic acid segment which codes for the herpes protease or for the ICP35 proteins may be prepared 
by obtaining viral genomic DNA from cells which are infected with herpes, amplifying the proteolytic site 
containing nucleic acid sequence region within the nucleic acid of interest, and preparing recombinant 
clones which include such amplified nucleic acid sequences. The clones may be then selected to contain 
the desired amplified nucleic acid segments by employing monoclonal antibodies directed to at least the 

20 region coding for the proteolytic domain of the protease or the cleavage site of the ICP35 protein to screen 
such clones. Other cloning and clone screening techniques well known to those of skill in the art are also 
suitable (Sambrook et al., 1989). 

This invention also relates to a method for cleaving a herpes molecule which includes the steps of 
treating the molecule with the protease under conditions effective for cleavage. Such conditions are those in 

25 which serine proteases generally operate. 

In an exemplary embodiment, methods for detecting the herpes protease in tissue samples consist of 
preparing antibodies directed against the protease, labelling these antibodies, contacting tissue samples 
with the labelled antibody, and detecting the labelled antibody protein heteroconjugate by standard 
techniques well known to those of skill in the art. These labels may be fluorescent labels or radioactive 

30 labels. 

One of the methods for detecting the nucleic acid segments in biological samples is to prepare a 
nucleotide probe that is capable of hybridizing to a nucleic acid segment substantially as set forth in FIG. 1, 
either line 5 or 6, or as disclosed in other areas of the specification herein as coding for a herpes protease 
or the ICP35 proteins. The nucleotide probe may be labelled. The probe is then incubated with the 

35 biological sample to be tested, under selective conditions appropriate for the formation of specific hybrids. 
The specific hybrids formed between the probes and the nucleic acids of the biological sample are then 
detected by a variety of methods well known by those skilled in the art, for example, by detecting a 
radioactive label on the probe. The formation of such hybrids is indicative of the presence of the nucleic 
acid segment that was sought initially. 

40 A method for treatment of viral infections makes use of the target proteases disclosed herein which are 
vital to the viral life cycle. An example of such a method comprises preparing an effective mount of an 
inhibitor of the protease. The amount will depend on the route of treatment. The route may be topical 
creams, ointments or sprays applied directly to the skin, or intravenous injection for systemic infections. The 
inhibitor is contemplated to be combined with a pharmacologically acceptable carrier which would be 

45 appropriate for use in humans depending on the route of application. Finally a therapeutic amount of the 
inhibitor is determined such that the herpes virus itself is inhibited from reproducing, but the host cells are 
not destroyed. The method of treatment disclosed herein is particularly applicable to the herpes virus 
simplex subtypes 1 or 2, but will be generally applicable to the herpes family, members of which are known 
to have extensive DNA homologies. Because of extensive sequence homologies to HSV-1 U L 26 in other 

so organisms, e.g. cytomegalovirus (U L 80), Varicella-zoster virus (ORF33), Epstein-Barr virus, these treatment 
strategies are likely to be broadly applicable to all herpesvirus. 

This inhibition may be either at the level of transcription, translation, or protein action. Interference with 
transcription would necessitate interfering with mRNA formation on a DNA template. Interference with 
translation would necessitate interfering with the synthesis of proteins on the mRNA template. Alternatively, 

55 the action of the protease may itself be disrupted either by destroying the structure of the protease, in 
particular its proteolytic domain, altering the cleavage site of it substrate, or by providing a false substrate 
which inactivates the protease. Another form of inhibitor comprises a nucleic acid segment which is capable 
of hybridizing with the coding sequence of a herpes protease, but forms a hybrid which inhibits transcription 
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of the mRNA from which the protease would be translated. 

There are several inhibitors that appear to be suitable for purposes of this invention. It has been found 
that chymostatin and diisopropyl fluorophosphate provide 100% inhibition of the protease in an in vitro 
assay. Phenylmethansulfonyl fluoride provides at least 50% inhibition, this reduction is due to the instability 

5 of the inhibitor over tim_. The results of studies with a variety of protease inhibitors showed that the U L 26 
protease was inhibited by serine protease inhibitors but not by cysteine, aspartic acid or metalloprotease 
inhibitors. Other contemplated inhibitors include antipain, aprotinin, leupeptin, (4-amino-phenyl)-methane 
sulfonyl fluoride, and any other serine protease inhibitors that tests positive in the candidate screening 
assay described herein. In particular embodiments, non-toxic derivatives of the inhibitors disclosed herein 

70 are contemplated. 

In order to determine still other inhibitors the candidate substances of interest are screened by 
preparing a virus protease, combining the protease with the candidate inhibitor substance, and selecting a 
substrate capable of being cleaved by the protease. The assay is conducted by contacting the substrate 
with the protease-candidate substance combination, and determining whether the candidate substance has 

75 inhibited the action of the protease on the substrate. In an illustrative embodiment, the virus protease used 
to test for a candidate substance is the purified herpes protease synthesized in vitro in a rabbit reticulocyte 
lysate by methods disclosed in the present specification. 

The protease is combined with the candidate inhibitor substance either in a laboratory in vitro assay or 
in a test organism. The substrate selected which is capable of being cleaved by the protease, may be the 

20 protease itself, or at least the cleavage site of the 1CP35 protein precursor c, d. After contacting the 
substrate with a protease and the candidate inhibitor substance it can be determined whether the substance 
has inhibited the action of the protease on the substrate by determining whether cleavage of the substrate 
has taken place. In one embodiment this may be determined by seeing if the ICP35 c, d proteins have 
produced ICP35 subunits e and f as determined by SDS gel electrophoresis, which are only formed by 

25 cleavage of c, d by the protease. If the proteins have not been cleaved, the inference is that the candidate 
substance indeed inhibits the virus protease. This inhibitor may then be used in therapeutic trials. 

The virus protease used in the candidate inhibitor substance assay may be prepared through the 
application of genetic recombinant technology, wherein, for example, an expression vector includes at least 
the proteolytic module of the protease. The expression vector is then transferred into an appropriate host 

30 cell under conditions which permit expression of the coding sequence. After the sequence has been 
expressed in the form of a protease or protease segment, the protease may be collected from the cell and 
further purified if required, by methods well known to those of skill in the art. 

An alternative method of preparing the herpes protease is to obtain a sample which contains the 
protease, for example a herpes infected tissue segment or exudate. The sample is then homogenized and 

35 fractionated to obtain a protease fraction. The protease fraction may be then further isolated and purified by 
methods known to those of skill in the art depending upon the particular application. 

This invention also relates to a method for selecting a serine protease with functions equivalent to those 
disclosed herein in different species of herpes, other non-herpes virus or, indeed, any organism. To select 
the protease, an amino acid sequence comprising at least the cleavage site of the protease disclosed in the 

40 present specification is prepared. The candidate viral protease is then contacted with the cleavage site 
containing the amino acid sequence which is susceptible to cleavage by a viral serine protease. Finally a 
determination is made whether cleavage has occurred by using the ICP35 substrate and determining 
whether ICP35 c, d has been altered to e and f. By these methods, it has been shown that the HSV-2 
protease is capable of cleaving ICP35 c, d to e and f. 

45 The methods and compositions of the present invention have made it possible to identify essential 
serine proteases in other species. The methods of the present invention are generally applicable, only the 
source genome will change. It is expected that these serine proteases are encoded by conservative 
segments and are widespread. For the herpes viruses, four of the six viral DNA sequences (HSV-1, EBV, 
VZV, CMV) are reported and have been entered into a computer data base available to those of skill in the 

so art. Homologies in amino acid sequences and function are expected based on the conservative nature of 
serine proteases, and homologies detected previously among related species, e.g. the herpes family. 
(Davison et al., 1986; McGeoch et al., 1988) Thus, it is predictable that U L 26 of HSV-1, BVRF2 of EBV, U L 80 
of CMV, Gene 33 of VZV play the same or similar role in the maturation of capsid and encode a protease. 
Because extensive sequence homology was found between these presumptive proteases and HSV-1 U L 26, 

55 it is believed that the action or cleavage mechanism of these protease is the same as the HSV-1 U L 26. 
Thus, it is not surprising that the present invention including inhibitor described have against herpes simplex 
virus (HSV-1 and HSV-2) and can be applicable to the treatment of other herpes viruses (EBV, VZV, CMV 
and human herpes virus 6). 
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As an indication that the serine proteases of the present invention will not be confined to the herpes 
family, there are reports of capsid assembly in other microbes. Bacteriophage T4 and lambda are most 
commonly studied for capsid assembly. In these phages, first a preformed capsid is assembled by 
interaction of outer coat protein and inner scaffolding protein. Then, the scaffolding protein is cleaved by a 
5 phage-encoded protease and removed from the capsid. At the same time, the phage DNA is packaged into 
the capsid to give rise to mature capsid. The cleavage of scaffolding protein is essential to produce mature 
capsid. Recently, cryo-electromicroscopy studies revealed the similarity of the capsid structure between 
HSV and lambda phage. The sequence of human CMV strain AD169 has been determined, and a gene 
analogous to HSV UL26 has been identified. ICP35 has been proposed to function as a scaffolding or 
70 assembly protein in the process of HSV capsid maturation. The cleavage of ICP35 by the proteases of the 
present invention is required for the capsid maturation and is essential for the replication of the virus. The 
proteases disclosed herein function as a counterpart to those of phages which cleave the ICP 35 protein to 
initiate DNA packaging. Therefore, the candidate protease inhibitor assays and methods of treatment 
disclosed herein have wide applicability than to only the herpes family. 
75 A domain refers to a portion or region of a protein defined as an amino acid sequence within a 
polypeptide or protein, in the present case a domain is defined functionally by the effect of amino acid 
deletions or substitutions in a sequence on the function or substitution of the protein. 

Downstream refers to nucleic acid sequences found in a 3' direction from a given point of reference 
along a nucleic acid molecule. 
20 An epitope is an amino acid sequence which is an antigenic determinant. 

An open reading frame (ORF) contains a series of triplets coding for amino acids without any 
termination codons. Sequences of this type are potentially translatable into a protein. 

Substantially purified in reference to DNA refers to DNA segments isolated free of their natural state 
as they may be present in the genome of an organism, and is intended to include segments as they would 
25 exist upon genetic engineering, e.g. by insertion into a recombinant vector. 

A transcriptional unit is the distance between sites of initiation and termination by RNA polymerase. 

Upstream refers to nucleic acid sequences found in a 5' direction from a given point of reference along 
a nucleic acid molecule. 


A viral protease is an enzyme capable of cleaving viral precursor proteins at a specific site. 


30 

HSV 

herpes simplex virus 


CMV 

cytomegalovirus 


ORF 

open reading frame 


ICP 

Infected cellular polypeptide 


DFP 

diisopropyl fluorophosphate 

35 

TPCK 

L-1-tosylamido-2-phenylethyl chloromethyl ketone 


TLCK 

W-a-p-tosyl-L-lysine chloromethyl ketone 


PMSF 

phenylmethylsulfonyl fluoride 


EGTA 

ethyleneglycol-bls (£-amlnoethyl ether) N, IS), N\ N'tetraacetlc acid. 


FIG. 1A. 

Sequence arrangement of the HSV-1 genome, the positions of U L 26 and U L 26.5 open reading 

40 

frames and their transcripts, and the structure of the test plasmids constructed for use in the present 


invention. 



FIG. 1B. Nucleotide and amino acid sequence of the U L 26 open reading frame. The +1 site 
corresponds to the translational initiation site of U L 26 open reading frame. 

FIG. 2. A schematic representation of the relationship among the HSV-1 genomic DNA, the U L 26 and 
45 U L 26.5 open reading frames (ORF), and the translational and post-translational products of this genetic 
system. 

FIG. 3. Autoradiographic image of DNA probe 1 (A) and probe 2 (B) hybridized to total cytoplasmic 
RNA from mock-infected and 12-hr-infected Vero cells and digested with S1 nuclease. 

FIG. 4. Photograph of polypeptides from lysates of cells transfected with plasmid constructs and 
50 superinfected with virus, electrophoretically separated in polyacrylamide gels, electrically transferred to a 
nitrocellulose sheet, reacted with goat monoclonal antibody H725 (HSV Ab) against HSV-1 ICP35. 

FIG. 5. Photograph of polypeptides fromy lysates of cells transfected with plasmid constructs and 
superinfected with virus, electrophoretically separated in polyacrylamide gels, electrically transferred to 
nitrocellulose sheets, and reacted with monoclonal antibody H725 (HSV Ab) or CH28-2 (CMV Ab). 
55 FIG. 6. Photograph of polypeptides from lysates of cells transfected with plasmid constructs and 
superinfected with HSV-1, electrophoretically separated in polyacrylamide gels, electrically transferred to 
nitrocellulose sheets, and reacted with monoclonal antibody H725 (HSV Ab) or CH28-2 (CMV Ab). 

FIG. 7. Autoradiographic images and photograph of polypeptides from lysates of cells transfected with 
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plasmid constructs and superinfected with virus, electrophoretically separated in polyacrylamide gels, 
electrically transferred to mitrocellulose sheets, and reacted with monoclonal antibody H725 (HSV Ab) or 
CH28-2 (CMV Ab). 

FIG. 8. Autoradiographic image of the 35 S-methionine labeled polypeptides translated in a nuclease- 
treated rabbit reticulocyte lysate and electrophoretically separated in a 9.5% denaturing polyacrylamide gel. 

FIG. 9. Photograph of electrophoretically separated polypeptides from cells transfected with plasmid 
constructs and superinfected with HSV-1(F) either at 34 °C (34°) or at 39 °C (39°), electrophoretically 
separated in polyacrylamide gels, electrically transferred to a nitrocellulose sheet and reacted with 
monoclonal antibody H725 to HSV-1 ICP35 (HSV Ab) and stained with goat anti-mouse IgG antibody 
coupled to peroxidase. 

FIG. 10. Photograph of electrophoretically separated polypeptides from cells transfected with plasmids 
and either mock-infected or superinfected with HSV-1(F) (HSV-1) either at 34° C, at 39° C, or at 37° C, 
electrophoretically separated in polyacrylamide gels, electrically transferred to a nitrocellulose sheet, 
reacted with monoclonal antibody H725 (HSV Ab) or CH28-2 (CMV Ab) and stained with goat anti-mouse 
IgG antibody coupled to peroxidase. 

FIG. 11. Photograph of polypeptides from cells transfected with plasmids and either mock-infected or 
superinfected with HSV-1 (F) (HSV-1) or HSV-2(G) (HSV-2) either at 34 *C, at 39 °C, or at 37 °C, elec- 
trophoretically separated in denaturing polyacrylamide gels, electrically transferred to a nitrocellulose sheet, 
reacted with monoclonal antibody H725 (HSV-Ab) or CH28-2 (CMV Ab) and stained with goat anti-mouse 
IgG antibody coupled with peroxidase. 

FIG. 12. Autoradiographic image of 35 S-methionine labeled polypeptides encoded by the U L 26 open 
reading frame electrophoretically separated in a denaturing polyacrylamide gel. 

FIG. 13. Autoradiographic images and photograph of polypeptides either synthesized In vitro from 
sequences encoded in plasmids U or Y or contained in lysates of cells transfected with plasmids X or Z and 
superinfected with HSV-1 (F) or HSV-1 (G). 

FIG. 14. Autoradiographic image of 35 S-methionine labeled polypeptides encoded by the U L 26 open 
reading frame electrophoretically separated in a denaturing gel to show the action of PMSF as a protease 
inhibitor. 

FIG. 15. Photograph of electrophoretically separated polypeptides from lysates of cells transfected with 
plasmid constructs and superinfected with HSV-1 (F) either at 34 °C (34 •) or at 39 °C (39°), elec- 
trophoretically separated in polyacrylamide gels, electrically transferred to a nitrocellulose sheet and reacted 
first with monoclonal antibody H725 to HSV-1 ICP35 (HSV Ab) or CH28-2 to the CMV epitope (CMV Ab), 
and stained with goat anti-mouse IgG antibody coupled to peroxidase. 

FIG. 16. Autoradiographic images of the electrophoretically separated polypeptides translated in vitro in 
a nuclease-treated rabbit reticulocyte lysate from the synthetic RNAs transcribed in vitro from the U L 26 ORF 
cloned in plasmid construct Y. 

FIG. 17. Schematic representation of the results of mutagenesis studies. 

The present invention relates to herpes proteases and to nucleic acid segments which encode such 
proteases. The protease encoding segments also contain at least one coding domain for proteins used in 
capsid production during viral replication. Substrates of the protease include its own amino acid sequence 
and the precursors of viral capsid proteins (FIG. 2). Inhibitors of the protease arrest the viral life cycle, 
thereby offering a means of therapeutic intervention. An illustrative embodiment of the methods and 
compositions of the present invention, employs HSV-1 as a protease source. 

A novel herpes protease has been identified in HSV-1, purified and abbreviated as "Pr." A weapon 
forged to directly attack virus production is provided by inhibiting the action of the Pr protease. Because the 
protease is essential for packaging of DNA into the viral capsid, inhibition of the protease disrupts the 
replication cycle of the virus. Treatment with inhibitors of the protease alleviates clinical effects and reduces 
risk of transmission. 

The herpes protease is a product of a region of the HSV genome, the U L 26 open reading frame. The 
protease is both a necessary and the sole viral protein that suffices to effect its own cleavage and that of 
the product of the U L 26.5 open reading frame (ORF) a region identified and purified as an aspect of the 
present invention. The product of the U L 26 ORF, a protein that has been designated as Pra is a previously 
undescribed herpes protease, the first protease ever purified from the herpes virus. In cell free systems, Pra 
cleaved itself to Prb providing evidence that the translation product Pra, can function as a protease. (FIG. 1) 
Prb, the designation assigned to the product of the autocatalytic cleavage of Pra, is approximately 20 amino 
acids smaller than Pra. 

Characteristics of the protease of the present invention are not only that it catalyzes its own cleavage, 
but surprisingly, a second substrate on which it acts, the more abundant substrate, is encoded by a 
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sequence entirely contained within the gene encoding the protease. The protease and the second substrate 
share amino acid sequences at their carboxyl termini. A surprising and unexpected finding was that the 
coding segment for the second substrate codes for viral capsid proteins designated ICP35, and is a newly 
identified gene designated U L 26.5. 

5 The expression of the U L 26 gene in the form of a protease is essential for viral maturation. The 
evidence for this statement is that a temperature-sensitive mutation reported by Preston, et al. (1983) at the 
U L 26 open reading frame has a lethal effect on capsid maturation. Therefore, disruption of the function of 
the protease inteferes with viral maturation, presenting a therapeutic strategy. 

Three general approaches were employed by the inventors to identify and characterize a herpes 

w protease. These included: 1) transfecting cells with test plasmids and then infecting them with herpes; 2) 
transfecting cells with two plasmids; and 3) in vitro translation. Out of these studies, the inventors identified 
two overlapping herpes simplex virus 1 (HSV-1) nucleic acid sequences, which comprise two genes 
(independent transcription units). The larger of the sequences is designated U L 26 and encodes a protein of 
an apparent molecular weight of approximately 75-85kd as determined by SDS-PAGE. This protein is a 

75 serine protease which is capable of processing itself and the ICP35 protein precursors by carboxyl-terminal 
proteolytic cleavage. The smaller sequence is designated U L 26.5 and encodes a protein of an apparent 
molecular weight of approximately 35-50kd as determined by SDS-PAGE. Both genes have been cloned. 

One of the reasons that proteases of the present invention have been successfully isolated and purified, 
was because of the choice of a key test substrate, the ICP35 proteins. To better understand the herpes 

20 genome, another productive step was the construction of a large number of plasmids with a specific 
construction strategy designed to answer a specific question about the mechanism of herpes genetic 
pathways. Into some of the plasmids, a marker sequence was inserted to permit tracing of the paths of 
genetic action. The markers in a series of plasmid constructs included deletions or insertions of an a4 
promoter or of a sequence encoding a cytomegalovirus epitope capable of reacting with a mouse 

25 monoclonal antibody. These constructs revealed dramatic and surprising differences in the genetic action of 
a region of the herpes genome from that predicted from previous work on the structure and action of the 
U L 26 ORF. 

In previous work, McGeoch et al.(1988) predicted that the U L 26 frame encodes ICP35. The product of 
U L 26 predicted from the nucleotide sequences in that open reading frame, however, turned out to be 

30 considerably larger than ICP35. A hierarchical genetic complexity was revealed as responsible for produc- 
tion of the herpes capsid protein. What is disclosed in the present invention is a dissection of the domain 
designated U L 26 into two overlapping transcriptional units yielding proteins which share part of an amino 
acid sequence. What had previously been designated ICP35 turns out to be encoded only by a portion of 
the U L 26 open reading frame. For purposes of the present invention, that unit has been designated U L 26.5. 

35 The protease of the present invention has general applicability. Homologs of the substrate of the Pra 
protease, which cleaves a precursor to form the ICP35 proteins, have been detected in other herpes 
viruses. It is likely, therefore, that the methods of the present invention will reveal the protease in other 
members of the virus family, and in other species. As one example, it has been reported recently that the 
CMV equivalent of the ICP35 protein is cleaved at the carboxyl terminus (Gibson et al., 1990, Schenk et al. 

40 1991), although the CMV protease had not been identified as yet in that species. The herpes-cleaved 
protease is, therefore, likely to affect cleavage in to other herpes viruses. More recently, there is a report of 
a proteinase in cytomegalovirus. An active protease is said to be released after cleavage of the full-length 
protease at amino acid 248, but the present invention suggests the result of such cleavage would be 
inactive. 

45 The existence of a homologous open reading frame to ICP35 in the Varicella-Zoster Virus (VZV) 
genome (Davison and Scott, 1986; Davison and McGeoch, 1986) suggests that the ICP35 equivalent and 
the corresponding protease are conserved among the various herpes viruses. Because the amino acid 
sequence of ICP35 is entirely contained in the carboxyl terminus of Pr and because ICP35 does not show 
demonstrable proteolytic activity, it is expected that the proteolytic activity exhibited by Pr is expressed by 

50 the amino terminal domain of the protein. It is of interest to note that in the VZV genome (Davison and 
Scott, 1986), the open reading frame corresponding to U L 26 exhibits greater homology in amino acid 
sequenc at the amino terminus rather than at the carboxyl terminus. 

Manipulation of The Herpes Simplex Virus (HSV) Genome 

55 

The importance of a viral protease as a therapeutic target is clear from a consideration of viral 
replication mechanisms. For example, the herpes simplex virus has a genome comprising a linear, double- 
stranded DNA molecule (molecular weight approximately 100 x 10 6 ) large enough to encode 7 s different 
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gene products. The structure of the genome is unusual among DNA viruses in that two unique nucleotide 

sequences are flanked by inverted repeated sequences. 

The viral genome is packaged within a regular icosahedral protein shell (capsid) composed of 162 

capsomes. The outer covering of the virus is a lipid containing membrane envelope derived from modified 
5 cell membrane. Cell proteins are not detected in the virion envelope. Glycoproteins in the lipid bilayer of the 

envelope mediate attachment of virus to the host cell, surface, and penetration of virus into the cell and viral 

maturation and egress. A tegument exists between the capsid and the lipid bilayer. Within the capsid are 

DNA polyamins, and DNA-binding proteins. 

Clinical problems result when infection of cells is followed by replication and spread of the virus. After 
io the viral genome reaches the nucleus of the cell, expression of viral genes occurs in a highly regulated 

fashion. Cell death may result from viral infection and replication. Protease inhibition will block replication. In 

vivo infections of certain cells, in particular sensory neurons, does not necessarily result in replication of 

virus and cell death. A latent phase may occur. 

Sequence arrangement of HSV-1 genome, the positions of U L 26 and U L 26.5 open reading frames and 
75 their transcripts and the structure of the test plasmids constructed for aspects of the present invention are 

shown in FIG. 1:, 

Line 1 , -schematic representation of the sequence arrangement of the HSV-1 genome. U L and U s refer 
to the long unique and short unique sequences flanked by terminal inverted repeats shown as rectangles. 

Lines 2 and 3, -genome map position, nucleotide numbers relative to the approximate transcription 
20 initiation site of U L 26 indicated by letter I at +1, and restriction endonuclease sites of the HSV-1 EcoRI-Pstl 
DNA fragment. Line 3 also shows the position of the translational termination codon(T) and of the single 
poly(A) signal (A) which serve both the U L 26 and U L 26.5 RNAs. 

Lines 4 and 5, -the filled rectangles (thick bars) represent the coding domains of the U L 26 and U L 26.5 
open reading frames. The numbers refer to the positions of the transcription initiation site, the translation 
25 initiation and termination codons and of the poly(A) signal for both open reading frames related to 
nucleotide + 1 of U L 26. 

Line 6 is a restriction endonuclease map drawn to scale with reference to lines A through Z and AA 
through NN which are schematic representations of the HSV-1 sequences contained in the plasmid 
constructs used in the studies described in this report. The construction of the plasmids shown schemati- 

30 cally in lines A through Z and AA through NN are described in Example 1. The source of the a4 promotor 
(open rectangle) shown in plasmids B, D, H, J, K, L, M, P, W, X, Z, AA through NN, was BamHI Z DNA 
fragment (Post et al., 1981) inserted in proper transcriptional orientation. The CMV epitope is shown as a 
filled oval. The oligonucleotide C with its complement is shown as a filled rectangle, and the new created 
Pmll site is marked as P\ The restriction endonuclease sites were abbreviated as follows: B, BamHI; Ba, 

35 Ball; Bs, BstEII; E, EcoNI; H, Hpal; K, Kpnl; Ms, Mstll; P, Pm1l: Ps, Pstl; S, Sail; X, Xmal. Me represents 
the methionine translation initiation codon of the U L 26.5 open reading frame. 

In order to identify the in vitro translation of U L 26 and U L 26.5 the unprocessed species of ICP35, open 
reading frames, both the U L 26 and U L 26.5 open reading frames were cloned into PGEM3Z-f( + ) to derive 
plasmids T and U, respectively (FIG. 1). RNAs corresponding to the mRNAs of U L 26 and U L 26.5 were 

40 transcribed by Sp6RNA polymerase and translated in nuclease-treated rabbit reticulocyte lysates. The 
results indicated that U L 26 and U L 26.5 specify proteins each of which form double bands with apparent 
molecular weights of 80kd (Pra) and 45kd (ICP35d, c), respectively. The two species of U L 26.5 (ICP35) 
protein synthesized In vitro were found to comigrate with ICP35c, d synthesized in vitro in HSV-1 (F) 
infected cells. It was further found that the unprocessed forms of U L 26.5, that is ICP35c, and d, can be 

45 processed into ICP35e and f. 

It was possible to map (localize) and purify the DNA sequences in the viral genome required for the 
processing of ICP35c, d into ICP35e, f. BHK cells were transfected with a series of plasmids containing 
different lengths of HSV-1 DNA sequences, each containing an intact ICP35 gene and superinfected with 
HSV-1 (F) at 39 °C. BHK cells transfected with the plasmid A containing the intact U L 26 gene (FIG. 1) 

50 generated ICP35e, f in addition to ICP35c, d whereas cells transfected with plasmid C in which the promoter 
region of U L 26 gene was deleted, and only the coding sequence of U L 26 was included (FIG. 1), generated 
only the unprocessed ICP35C, d. These results suggested that the gene product of U L 26 was required for 
the processing of ICP35, c, d into e, f. 

The product of the gene U L 26 was found capable of cleaving ICP35c, d into e, f when present in the 

55 trans position. To determine whether U L 26 acts in trans or in c/s, BHK cells were transfected with plasmid 
N as the substrate for processing and a series of plasmids containing deletions in the U L 26 open reading 
frame, and then infected with HSV-1 (F) and maintained at 39 * C. The results showed the following: 

(i) ICP35c, d did not autocatalyze their own processing into ICP35e, f, inasmuch as the lysates of cells 
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co-transfected with plasmids N and E (FIG. 1) did not contain ICP35 forms e and f reactive with the CMV 
monoclonal antibody. 

(ii) ICP35C, d were not processed in BHK cells cotransfected with plasmids N and C or I. Plasmids C 
and I contain deletions in the promoter region and at the polyadenylation site of the U L 26 open reading 

5 frame, respectively (FIG. 1). 

(iii) ICP35c, d were processed into e, f in BHK cells co-transfected with plasmids N and A or B. Plasmids 
A and B contain the intact U L 26 promoter and open reading frame and the U L 26 coding sequence driven 
by the <*4 promoter, respectively. The a-transducing factor in HSV-1(F) induces the a4 promoter to a 
high level (Post et al., 1981; Battreson and Roizman, 1983) at 39* C. The high level of expression of 

70 U L 26 may explain the presence of the processed forms of ICP35 (forms e and f) in lysates of cells co- 
transfected with plasmids N and B. 

The importance of the protease encoded by U L 26 is indicated by the results showing it to be competent 
for the processing of ICP35c, d into e, f. It is shown that U226 and processing of ICP35d, d to e, f are both 
essential for capsid production because a mutation in that region (in the 5' end of the U L 26 ORF) was 

75 reported as lethal (Preston, et al., 1983). 

Even more exciting from the perspective of use of the protease as a target for attack on herpes 
infections is that the protease appears to be the sole protein required for processing of ICP35c, d into e, f 
proteins required for capsid production. That indicates the protease is essential for capsid formation. To 
determine whether U L 26 is the only viral protein required for this processing and to exclude the possibility 

20 that viral genes expressed by the HSV-1(F) genome at 39 *C contribute to the catalysis of ICP35, BHK cells 
were co-transfected with a constant amount of plasmid L and different amounts of plasmid B as the genes 
encoding the substrate and the enzyme for the processing, respectively. In plasmid L (FIG. 1) the U L 26.5 
open reading frame was regulated by the a4 promoter and the CMV epitope was inserted at the Mstll 
restriction endonuclease site whereas plasmid B contained the intact U L 26 open reading frame driven by the 

25 same promoter. Because the a4 is a strong eukaryotic promoter constitutively expressed in transfected cells 
(Post et al., 1981; Kristie and Roizman, 1984), expression of the U L 26.5 and U L 26 proteins in cells 
transfected with plasmid L and B did not require superinfection with HSV-1(F). The results were as follows: 

(i) In the absence of viral infection, ICP35c and d were the only two species expressed in cells 
transfected with plasmid L. The epitopically marked ICP35 expressed by plasmid L was fully processed 

30 in cells superinfected with HSV-1(F) at permissive temperature. As expected plasmid B did not produce 
products reactive with anti CMV antibody. 

(ii) In the presence of plasmid B containing U L 26, the epitopically marked ICP35c, d expressed by 
plasmid L were processed into ICP35e, f. At low concentrations of plasmid B, the extent of accumulation 
of ICP35e, f was directly proportional to the amount of U L 26 plasmid DNA co-transfected with plasmid L 

35 into BHK cells. The decrease in the amounts of ICP35e, f observed in the presence of the highest 
amounts of plasmid B may reflect competition between the two plasmids or reduced yield as a result of 
the toxicity used by high amounts of DNA. 

From results of these studies it was concluded that the product of the U L 26 is the only viral factor both 
competent and sufficient to process ICP35c, d into ICP35e, f. The protease is, therefore, essential for capsid 
40 development, which in turn is essential for the herpes virus replication life cycle. 

The active agents of such medicants include an inhibitor of the protease. The inhibitor may act to 
countermand the proteolytic action of an already available protease, or to disrupt or prevent the initiation of 
the translation or transcription of the nucleic acid segments responsible for protease production. The 
inhibitor may be in the form of a chemical composition, in which case it must be combined with a 
45 composition which effects cell incorporation. 

If the inhibitor is in the form of nucleic acid segment, it may be incorporated into infected cells by any 
of the variety of methods well known to those of skill in the art. Those methods are disclosed herein and 
comprise transfection of a recombinant vector, electroporation, or use of a "gene gun" to force mechani- 
cally accelerated nucleic acid particles into infected cells. 

50 

Example 1 

Construction of Plasmids and Their Relatl n To The HSV Genome 

55 A set of plasmids were constructed to contain segments of nucleic acid sequences that could be 
manipulated to identify sections of the nucleic acid sequence of the HSV genome which control production 
of specific polypeptides, and to isolate those segments and purify their products. 

These ingenuous tools were created to identify and manipulate nucleic acid sequences involved in viral 
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infections. In some plasmids, markers were inserted at specific locations in order to trace the products of 
cleavage, to define nucleotide sequences used for various infective processes. The CMV epitope is shown 
as a filled oval in FIG. 1. The oligonucleotide C with its complement is shown as a filled rectangle. The 
newly created Pmll site is marked P. The restriction endonuclease sites are abbreviated as follows: B, 

5 BamHI; Ba, Ball; Bs, BstEII; E, EcoNI; H, Hpal; K, Kpnl; Ms, Mstll; P, Pmll; Ps, Pstl; S, Sail; X, Xmal. 

Collectively, the HSV-1 sequences carried in plasmids A through Z, AA through NN, contain deletions 
which encompass the entire domain of the U L 26 open reading frame. In some instances, e.g.plasmid 
constructs B and D the promoter of the a4 gene was juxtaposed in the form of the BamHI Z fragment to 
force a higher level of transcription. 

w Plasmid constructs designated J through N in FIG. 1 carry in the HSV DNA's a sequence encoding a 
CMV epitope inserted into the unique Wsfll site of these fragments. In all but one plasmid construct the 
BamHI Z fragment was also inserted to augment transcription by the a4 promoter contained in this 
fragment. The exception was plasmid construct N. 

In plasmid O and P the CMV epitope was inserted into the unique Hpal site and only the P plasmid 

75 contains the a4 promoter in the form of the BamH\ Z fragment. 

The following plasmids were constructed: A (pRB4057), B (pRB4060), C (pRB4058), D (pRB4089), E 
(PRB4093), F (pRB4056), G (pRB4087), H (pRB4088), I (PRB4026), J (pRB4092), K (pRB4094), L 
(pRB4096), M (pRB4095), N (pRB4102), 0 (pRB4079) and P (pRB4080), Q (pRB4140), R (pRB4184), S 
(PRB4185), T (pRB4103), U (pRB4090), V (pRB4186), W (pRB4188), X (pRB4213), Y (pRB4214), Z 

20 (pRB4215). pRB4026 was constructed by insertion of the HSV-1 fragment into the Kpn\ site of pUC18. 
pRB4057 contains the entire encoding sequence of the U L 26 open reading frame, extending 3* from 
nucleotide -900 relative to the translation initiation site of the gene to approximately 650 nucleotides 
downstream from its polyadenylation site. pRB4060 was constructed by replacing the viral DNA sequence 
23 bp upstream from the translation initiation site of the U L 26 open reading frame in pRB4057 with the HSV- 

25 1 DNA BamHI Z fragment. The BamHI Z fragment contains at one terminus, portions of the 5' transcribed 
noncoding sequences of the alpah4 gene starting with nucleotide +33 and the upstream untranscribed 
domains of this gene. The BamHI Z fragment was inserted in the orientation that would juxtapose the a4 
promoter in the proper transcriptional orientation to the intact and truncated domains of the U L 26 open 
reading frame. pRB4056, pRB4058, pRB4087, and pRB4093 were derived from pRb4057, and pRB4088 

30 and pRB4089 were derived from pRB4060 by generating deletions by the subcloning techniques described 
by Sambrook et al. (1989). 

Two pairs of oligonucleotides, i.e., oligonucleotide A (5 f -AAGGGACAGAAGCCCAACCTGCTAGACC- 
GACTGCGACACCGCAAAAACGGGTACCGA CAC-3') with its complement, oligonucleotide B (5'-AAAGG- 
GACAGAAGCCCAACCTGCTAGACCGACTGCGACACCGCAAAAACGGGTACCG ACACGA-3*) with its com- 

35 plement, . and oligonucleotide C (5'- 

TCGACGTTGACACGGCCCGCGCCGCCGATTTCTTCGTCTCTCAGATGATGGGGGCCC GCCACGTGTGA- 
3') ( were synthesized in Applied Biosystems DNA Synthesizer 380A (Foster City, Calif.). Oligonucleotides 
A,B and their complements encode the epitope of the CH28-2 monoclonal antibody and contain a Kpn\ site 
at the 3' end for convenient screening of the oligonucleotide insertion in plasmids. pRB4079 and pRB4080 

40 were derived by inserting the oligonucleotide A sequence into the unique Hpal site of pRB4057 and 
pRB4060 respectively. pRB4092 was derived by inserting the oligonucleotide B sequence into the unique 
Msfli site of pRB4060. pRB4094, pRB4095, pRB4096, and pRB4102 were derived from pRB4092 by 
generating deletions by means of common subcloning techniques (Sambrook, et al., 1989). All insertion 
sites of these plasmids were sequenced to verify that the CMV epitope was inserted in the same frame as 

45 the U L 26 open reading frame. 

Plasmid Q (pRB4140) was derived by inserting oligonucleotide A with its complement into the unique 
Pmll site of plasmid A. The sequence encodes the authentic U L 26 sequence from the Pmll site to the 
translation termination site but with the addition of a new Pmll site of the U L 26 open reading frame in the 
proper orientation resulted in the creation of a new Pmll site between the carboxyl terminal amino acid and 

so the stop codon of the U L 26 open reading frame. In addition, the sequence •GTG' at the authentic PmIL site 
has been changed to sequence 'GTCV By insertion of the sequence C into the unique PmIL site of the U L 26 
open reading from the proper orientation resulted in the creation of a new Pmll site between the carboxyl 
terminal amino acid and the stop codon of U L 26. The original, authentic Pmll site was destroyed without 
changing the U L 26 amino acid sequence because the codon "GTG" and "GTC" encode the same amino 

55 acid. Therefore, the net effect of the insertion of oligonucleotide C with its complement to U L 26 open 
reading frame was that U t 26 had two additional amino acids between its authentic carboxyl terminal amino 
acid and its stop codon which were encoded by the new created Pmll recognition sequence. Plasmid R 
(pRB4184) was derived by inserting sequence C into the PmIL site of plasmids E (pRB4093), and S 
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(pRB4185) was derived by inserting the oligonucleotide A with its complement into the PmIL site of plasmid 
R. Plasmids T, U, V and W (pRB4103, pRN4090, pRB4186 and pRB4188) were derived from plasmids B 
and S by subcloning. Plasmids X, Y and Z (pRB4213, pRB4214, and pRB4215) were constructed by 
inserting in frame into the U L 26 open reading frame at the site between the 3' end of the CMV sequence 

5 and the stop codon, either a sequence encoding 256 amino acids comprising five homologs of IgG binding 
domains of the staphylococcal protein A or a sequence encoding 129 amino acids and comprising two such 
domains. These sequences were the BclL-Hincll fragment and Hindlll-Hincll fragment of the protein A gene 
fusion vector pRIT5 (Pharmacia, Piscataway, NJ), respectively. The vector for plasmids T, U, V, and Y was 
derived from PGEM3Zf( + ) (Promega, Madison, Wl) and these plasmids could be used as templates for in 

io vitro transcription by T7 or Sp6 RNA polymerases. The vectors for all other plasmids were derived from 
pUC18 (New England Biolabs, MA) All the insertion sites of the oligonucleotide sequences A and C with 
their complement into the plasmids were sequenced to verify that the CMV epitope and the amino acid 
sequence encoded by oligonucleotide C with their complement were inserted in frame with the U L 26 open 
reading frame. 

75 Constructs AA, BB, CC, DD and MM were prepared by inserting a translational stop codon into 
pRB4060 at Pm1l, Mstll, BssHII, Hpal sites, and the site encoding the translation initiation codon of ICP35, 
respectively. Construct NN was constructed by deletion of the sequence between the ICP35 translation 
initiation site and stop codon. The U L 26 ORF fused to BamHI Z cloned in pGEM3zf( + ) as pRB4245 was 
mutagenized to give rise to II, JJ KK, LL, HH and GG with the aid of the Muta-Gene Kit (Bio-Rad) in 

20 accordance with the manufacturer's recommendations. The 40 mer oligonucleotides used for this purpose 
were synthesized on an Applied Biosystems model 380B DNA synthesizer. Plasmids EE and FF were 
constructed by cleavage with Xbal and religation of constructs GG and HH to delete the first 10 and 33 
amino acids of U L 26, respectively. The symobols used in FIG. 1 are as follows: Open quadrangle: the 
BamHI Z fragment used as the source of the a4 promoter and inserted in the proper transcriptional 

25 orientation relative to that of the U L 26and U L 26.5 open reading frame; filled oval: the 20 amino acid CMV 
epitope, described herein; filled rectangle: the DNA sequence encoding the IgG binding domain of protein 
A; P*: a new Pm1l site created in conjunction with the insertion of the IgG binding domain of protein A. The 
new translational initiation codons produced by in vitro mutagenesis are marked "ATG". The filled triangles 
represent the inserted stop codon. The restriction endonuclease sites were abbreviated as follows: B, 

30 BamHI; Ba, Ball; Bs, BstEII; E, EcoNI; H, Hpal; K, Kpnl; Ms, Mstll; P, Pm1l; Ps, Pstl; S, Sail; X, Xcml. Me 
represents the methionine translation initiation codon of the U L 26.5 open reading frame. 

A restriction endonuclease map is drawn to scale on-line 9 of FIG. 1 with reference to lines A through Z 
which are schematic representations of the HSV-1 sequences contained in the plasmid constructs used in 
the studies described herein. 

35 

Example 2 

Use Of The Plasmids To Isolate And Purify Viral Components 

40 Host cells were transfected with the plasmid constructs of FIG. 1. In addition, the protease was 
synthesized in vitro from rabbit reticulocyte lysate systems with the plasmids. Photographs of polypeptides 
from cells that were transfected with the plasmid constructs and superinfected with virus, taken after the 
electrophoretic separation in poly aery lam ide gels, electrical transferring to a nitrocellulose sheet, and 
reaction with goat anti-mouse immunoglobulin antibody coupled to peroxidase, were used to analyze the 

45 nucleic acid sequences responsible for the mechanisms of infection. Experimental details of the polypeptide 
purification are described in the Materials and Methods. 

Constructs MM and NN were used to determine whether any ICP35 coding sequences in the protease 
are essential for ICP35 cleavage. 

so Example 3 

Analysis f Transcriptional Units 

The nucleotide sequences of U L 26 surprisingly and unexpectedly were found to be contained in two 
55 transcriptional units. Two probes were constructed to map the transcripts of U L 26. Probe 1, designed to 
identify the 5* terminus of the U L 26 in RNA, consisted of the EcoNI-Ba/nH1 fragment labelled at the BamHI 
site whereas probe 2 consisted of the Xcm\-BstE\\ fragment labelled at the BstEW site. 

An autoradiographic image of DNA probe 1 (A) and probe 2 (B) hybridized to total cytoplasmic RNA 
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from mock-infected and 12-h-infected Vero cells and digested with S1 nuclease, is presented in FIG. 3. The 
RNAs were prepared as described in the Materials and Methods herein. In FIG. 3, lane 1 (PS), an S1- 
digested probe 1 appears as it is under the same conditions of hybridization and digestion as those shown 
in lanes MOCK and HSV-1. 

Lanes 2 and 8 (MOCK), shows RNA extracted from cells 12 h after mock infection. Lanes 3 and 9 (HSV- 
1), shows RNA extracted from cells infected with HSV-1 (F) and maintained for 12 h. 

Lanes 4 and 7 (P), indicate positions of the undigested probes (probe 1 or 2). 

Lanes 5 and 7 (M), present 5' end-labeled fragments obtained from digestion of PGEM3Z DNA with the 
enzyme Msp\. 

Arrows in FIG. 3 indicate the protected 5' termini of U L 26(A) and U L 26.5(B) RNAs. T, Position of the 
HSV-1 sequences in probe 2 protected by the U L 26 RNA. 

The results of the S1 analyses illustrated in FIG. 3 are that cytoplasmic RNA hybridized to probe 1 
protected a fragment approximately 300 nucleotides long(lane 3). 

Nucleotide 300 upstream from the 0amH1 site was designated as + 1 of U L 26. The first methionine 
codon after the approximate transcription initiation site is at position +180. 

Cytoplasmic RNA hybridized to probe 2 yielded two sets of fragments protected from S1 digestion (lane 
9). The first fragment contained alt of the HSV-1 DNA sequences(band T). The second set of protected 
fragments formed several bands ranging from 35-40 nucleotides in length(lane 2, band U L 26.5). Thus, the 
transcription initiation site of this transcript was approximately at nucleotide +1000 relative to nucleotide + 1 
of U L 26. The first methionine codon downstream from the transcription initiation site of this RNA was at 
position +1099. The longer RNA was designated U L 26. 

Example 4 

Location and Isolation Of The ICP 35 Gene 

In order to localize the position of the coding domain of the gene specifying ICP35, a series of deletions 
in open reading frame U L 26 were tested for their capacity to express ICP35. 

BHK cells were transfected with plasmid constructs O, N and P (FIG. 1) then infected with HSV-2 (FIG. 
4). The letters across the top of the gel shown in FIG. 4 identify the plasmid constructs with which the cells 
were transfected. A dash or the absence of a letter indicates that the cells were infected but not transfected. 
The vertical lines identify the slow-migrating bands. The shortest fragment which yielded HSV-1 ICP35 was 
plasmid E(lane 2). Because this plasmid construct was expressed from its endogenous promoter, the results 
indicate that the sequences contained in the Hpal-Pstl fragment contain both the coding sequences and the 
promoter of the gene encoding ICP35. Plasmid E contains all of the sequences of U L 26.5 RNA plus 168 
nucleotides. 

Example 5 

Open Reading Frame Isolation And Characterization 

In FIG. 5, a photograph of polypeptides extracted from cells transfected with plasmid constructs and 
superinfected with virus, was taken after electrophoretical separation in polyacrylamide gels, electrical 
transferring to nitrocellulose sheets, and reacting with monoclonal antibody H725 (HSV Ab) or CH28-2 (CMV 
Ab). The letters across the top of the gel identify the plasmid constructs with which the cells were 
transfected. A dash or the absence of a letter indicates that the cells were infected but not transfected. The 
vertical lines identify the slow-migrating bands. 

FIG. 5 shows that BHK cells transfected with construct J,K, or L made a family of proteins which 
reacted with both anti-HSV-1 ICP35(H725) and anti-CMV(CH28-2) monoclonal antibodies. The formation of 
the characteristic four ICP35 bands by the products of transfection of plasmid construct L indicates that the 
initiating methionine codon for ICP35 is at position 1099. 

These results indicate that the U L 26.5 coding sequences specifying ICP35 constitute a part of, and are 
in frame with, those of U L 26. In the preceding section it was shown that ICP35 could be expressed by 
transactivation of the DNA sequences contained in the Hpa\-Pst\ fragment. Because plasmid construct E 
could be transactivated by HSV-2, it may also be concluded that the coding sequences of U L 26 include 
both the coding sequences and the promoter domain of the gene specifying ICP35. 

Example 6 
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Use f Anti-CMV mAb 

A photograph of polypeptides from cells transfected with plasmid constructs and superinfected with 
HSV-1, was taken after electrophoretical separation in SDS polyacrylamide gels, electrical transferring to 
5 nitrocellulose sheets, and reacting with monoclonal antibody H725 (HSV Ab) or CH28-2 (CMV Ab). The 
letters across the top of the gel shown in FIG. 6 identify the plasmid constructs with which the cells were 
transfected. A dash or the absence of a letter indicates that the cells were infected but not transfected. The 
vertical lines identify the slow-migrating bands. These results indicate that use of the anti-CMV monoclonal 
antibody obviates the need to superinfect the cell with a heterologous virus. 

70 

Example 7 

Identification, Isolation and Characterization of the Product of the U L 26 ORF 

75 FIG. 7 presents autoradiographic images and a photograph of polypeptides from BHK cells transfected 
with plasmid constructs and superinfected with virus, after the cells were electrophoretically separated in 
polyacrylamide gels, electrically transferred to nitrocellulose sheets, and reacted with monoclonal antibody 
H725 (HSV Ab) or CH28-2 (CMV Ab). The letters across the top of the gel identify the plasmid constructs 
with which the cells were transfected. The vertical line and arrow identify the product of the U L 26 protein. 

20 In FIG. 7, lanes 1, 2, and 3 are autoradiographic images of proteins labeled with [ 35 S]methionine as 
described in the Materials and Methods. The infected cell proteins (ICPs) of HSV-2 were numbered 
according to Morse et al. (1978). 

Lanes 8, 9, and 10 show lysates of the same cells as shown in lane 4, 5, and 6 stained with H725 rather 
than with the CH28-2 monoclonal antibodies. 

25 Lane 7 shows the lysate of cells transfected with plasmid construct J, in which U L 26 is driven by the a4 
promoter, infected with HSV-1 (F) and maintained at 39 *C. Under these conditions, only a and a few & 
proteins are expressed, but the ICP35 of HSV-I(F) is not expressed. The ICP35 in the HSV-1 (F) viral 
genome is not expressed. The ICP35 encoded by the plasmid construct is expressed inasmuch as the 
transfected gene is regulated as a & gene. 

30 In the preceding sections it was shown that the sequences encoding ICP35 overlapped only a portion of 
the sequence designated the U L 26 ORF. The purpose of the studies presented in the following sections was 
to identify the product of the full length U L 26 open reading frame. BHK cells were transfected with plasmid 
construct 0,N, or P (FIG. 1). and then infected with HSV-2. The electrophoretically separated proteins from 
cells transfected with plasmids O.N, and P, were reacted with monoclonal antibodies to either HSV-1 (H725) 

35 or CMV(CH28-2) (FIG. 7 lanes 4 through 6 and 8 through 10) and then autoradiographed to provide 
molecular weight markers (lanes 1 through 3). The salient features of the results were as follows: 

(1) the plasmid constructs O and P containing the CMV epitope inserted in frame with U L 26 specified 
proteins which formed two bands with electrophoretic mobilities corresponding approximately to proteins 
with apparent molecular weights of 75,000 to 78,000 (FIG. 7, lanes 4 and 6). The CMV monoclonal 

40 antibody did not react with ICP35 bands produced by plasmids O and P(lanes 4 and 6). The CMV 
epitope was inserted at the Hpal restriction endonuclease site( + 832),i.e. before the translation initiation 
site of ICP35 at position +1099. 

(2) All plasmid constructs made ICP35 which reacted with H725 monoclonal antibody against HSV-1 
ICP35. The disparity in the electrophoretic mobilities of the ICP35 proteins made by plasmid constructs 

45 N and P reflect the insertion into plasmid construct N of the oligonucleotide encoding an additional 21 
amino acids. 

(3) The abundance of proteins specified by the entire U L 26 ORF relative to that of the ICP35 protein may 
be deduced from the observation that while both of the Mr75,000-78,000kd proteins and the ICP35 react 
with the same monoclonal antibody, CH28-2, the reactivity or amount of the larger protein is considerably 

so lower than that observed for ICP35. 

The compelling evidence that the two proteins share amino acid sequences is based on the observation 
that construct J under conditions of overproduction of the U L 26 proteins yielded proteins which co-migrated 
with both the larger protein and ICP35 and reacted with the CH28-2 monoclonal antibody (arrow, FIG. 7, 
lane 7). 

55 

Example 8 

Character izati n of U L 26 and U L 26.5 Pr teins 
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An autoradiographic image of the 35 S-methionine labeled polypeptides translated in a nuclease-treated 
rabbit reticulocyte lysate and electrophoretically separated in a 9.5% denaturing polyacrylamide gel are 
shown in FIG. 8. 

In lane 1 are translation products of brome mosaic virus templates provided with a kit obtained form 
Promega Biotec, Wl as transcribed according to the manufacturer's suggestions. Lane 2 shows translation 
products of the U L 26 open reading frame in plasmid U. Lane 3 shows the translation product of the U L 26.5 
open reading frame in plasmid T. These results indicated that U L 26 and U L 26.5 specify proteins each of 
which form double bonds with apparent molecular weights of 80,000kd (Pra) and 45,000 (ICP35d,c) 
respectively. 

Example 9 

The Gene Product of U L 26 Is Required to Process ICP35c,d into e,f in Transposition 

A photograph of electrophoretically separated polypeptides from BHK cells transfected with plasmid 
constructs and superinfected with HSV-1(F) either at 34 • C (34°) or at 39 °C (39°), electrophoretically 
separated in polyacrylamide gels, electrically transferred to a nitrocellulose sheet and reacted with 
monoclonal antibody H725 to HSV-1 ICP35 (HSV Ab) and stained with goat anti-mouse IgG antibody 
coupled to peroxidase, is presented in FIG. 9. Experimental details are described in the Materials and 
Methods herein. The letters across the top of the gel identify the plasmid constructs with which the cells 
were transfected. A dash indicates that the cells were infected but not transfected. The letters on the side 
were assigned to different species of ICP according to Braun et al. (1984). 

The ICP35 bands e and f are the products of the cleavage of the proteins in bands c and d. The 
proteins migrating in bands c\ d\ e' and f contain the CMV epitope and therefore migrate more slowly than 
the authentic proteins in bands c, d, e and f, respectively. 

Earlier experiments suggested that ICP35C, d were the precursors of ICP35e, f (Braun et al., 1984; 
Preston et al., 1983). To test this hypothesis, BHK cells were transfected with plasmid E containing U L 26.5 
gene (FIG. 1) and superinfected with HSV-1 (F) at 39 °C. This virus is temperature sensitive and at 39 °C it 
does not express its own U L 26 and U L 26.5 open reading frames. The results (FIG. 10) show the following: 

(1) The ICP35 gene resident in the viral genome was expressed at 34 °C (lane 1) but not at 39 °C (lane 
2) as evidenced by the presence and absence of the 1CP35 bands reactive with the H725 monoclonal 
antibody to ICP35, respectively. 

(2) ICP35C d were the only two species of ICP35 proteins expressed from the one reading frame in 
plasmid E at 39 a C (lane 4), whereas at least ICP35c, d, e and f could be detected in lysates of 
productively infected cells maintained at 34° C (lane 1). 

These results led to the conclusion that: 

(a) ICP35c, d are the unprocessed forms of the ICP35 proteins; that 

(b) they can be processed into ICP35e, f; and that 

(c) the processing requires a fransacting factor because processing did not occur in the absence of 
HSV-1 (F) late gene expression. 

Example 10 

U L 26 Can Act in trans to Process ICP35c and -d into ICP35e and -f and U L 26 Is Competent and the 
Only Viral Protein Required for the Processing of ICP35c and -d into ICP35e and -f 

To determine whether U L 26 acts in trans or in c/s, BHK cells were transfected with plasmid N as the 
substrate for processing and with a series of plasmids containing deletions in the U L 26 open reading frame, 
infected with HSV-1 (F), and maintained at 39 °C. The results (FIG. 10A) showed the following: 

(i) ICP35c and -d did not autocataiyze their processing into ICP35e and -f, inasmuch as the lysates of 
cells cotransfected with plasmid N and E (FIG. 1) did not contain ICP35e and -f reactive with the CMV 
monoclonal antibody (lane 8). 

(ii) ICP35c and -d were not processed in BHK cells cotransfected with plasmids N and C or I (lanes 7 
and 6). Plasmids C and I contain deletions in the promoter region and at the polyadenylation site of the 
U L 26 open reading frame, respectively (FIG. 1). 

(iii) ICP35c and -d were processed into ICP35e and - f in BHK cells cotransfected with plasmids N and A 
or B. Plasmids A and B contain the intact U L 26 promoter and open reading frame and the U L 26 coding 
sequence driven by the a4 promoter, respectively (lanes 5 and 4). The a-transducing factor is HSV-1 (F) 
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induces the a4 promoter to a high level at 39 * C. The high level of expression of U L 26 may explain the 
presence of the processed forms of ICP35 (forms e and f) in lysates of cells cotransfected with plasmids 
N and B (land 4). 

The results indicate that U L 26 encodes a protein involved in the processing of ICP35c and -d into 
5 ICP35e and -f. 

To determine whether U L 26 is the only viral protein required for this processing to exclude the 
possibility that viral genes expressed by the HSV-1(F) genome at 39° C contribute to the catalysis of ICP35, 
BHK cells were cotransfected with a constant amount of plasmid L and different amounts of plasmid B as 
the genes encoding the substrate and the enzyme for the processing, respectively. In plasmid L (FIG. 1), 

w the U L 26.5 open reading frame was regulated by the a4 promoter and the CMV epitope was inserted at the 
M$t\\ restriction endonuclease site, whereas plasmid B contained the intact U L 26 open reading frame driven 
by the same promoter. Since the a4 promoter is a strong eukaryotic promoter constitutively expressed in 
transfected cells (Kristie & Roizman, 1991; Post et al., 1981), expression of the U L 26.5 and U L 26 proteins in 
cells transfected with plasmids L and B did not require superinfections with HSV-1 (F). The results (FIG. 

75 10B) were as follows: 

(i) In the absence of viral infection, ICP35C and - d were the only two species expressed in cells 
transfected with plasmid L (lane 17). The epitopically marked ICP35 expressed by plasmid L was fully 
processed in cells superinfected with HSV-1(F) at the permissive temperature (lane 18). As expected, 
plasmid B did not produce products reactive with the anti-CMV antibody (lane 11). 

20 (ii) In the presence of plasmid B containing U L 26, the epitopically marked ICP35c and -d expressed by 
plasmid L were processed into ICP35e and -f. At low concentrations of plasmid B, the extent of 
accumulation of ICP35e and -f was directly proportional to the amount of U u 26 plasmid DNA cotransfec- 
ted with plasmid L into BHK cells (lanes 12 to 16). The decrease in the amounts of ICP35e and -f 
observed in the presence of the highest amounts of plasmid B may reflect competition between the two 

25 plasmids or reduced yield as a result of the toxicity caused by the high amounts of DNA. 

The conclusion from these studies that the product of U L 26 is the only viral factor both competent and 
sufficient to process ICP35C and -d into ICP35 e and -f. 

Example 11 

30 

The Protease Effects Carboxyl Terminal Cleavage 

A photograph of polypeptides from cells transfected with plasmids and either mock-infected or 
superinfected with HSV-1(F) (HSV-1) or HSV-2(G) (HSV-2) either at 34 °C (34°, lanes 1 and 4), at 39 W C 

35 (39°, lanes 2 and 5), or at 37 °C (lanes 3 and 6-14), electrophoretically separated in denaturing 
polyacrylamide gels, electrically transferred to a nitrocellulose sheet, reacted with monoclonal antibody 
H725 (HSV-Ab) or CH28-2 (CMV Ab) and stained with goat anti-mouse IgG antibody coupled with 
peroxidase, is presented in FIG. 11. The letters across the top of the gel identify the plasmid constructs with 
which the cells were transfected. A dash indicates that the cells were infected but not transfected. 

40 Another aspect of this invention is the type of cleavage effected by the protease. Processing of ICP35c, 
d to e, f involves carboxyl terminal proteolytic cleavage. 

Inasmuch as ICP35e, f specified by plasmid N comigrated in denaturing gels with ICP35c, d produced 
in HSV-1 infected cells (FIG. 10, Panel A, lanes 1 and 5), it may be deduced that the portion of the ICP35 
cleaved during processing is roughly equivalent to the size of the CMV amino acid sequence inserted into 

45 plasmid N. To determine whether ICP35 processing involves carboxyl terminal proteolytic cleavage, BHK 
cells were transfected with plasmids J, R, S and W and superinfected with HSV-2. Plasmid R contained the 
CMV epitope (sequence A) inserted in the Pmll site of U L 26.5 whereas in plasmids S and W the insert was 
at the carboxyl terminal amino acid. Analyses of the electrophoretic separated, electrically transferred 
polypeptides with the anti HSV-1 (H725) and anti CMV (CH28-3) monoclonal antibodies revealed the 

so following (FIG. 11): 

(1) Cells transfected with plasmid J in which the CMV epitope was inserted at the Mstll site 122 amino 
acids upstream from the U L 26 stop codon made both the precursor ICP35c, d and products ICP35 e, f 
which reacted with the CMV antibody (lane 8). The decrease in the electrophoretic mobility of ICP35c, d, 
e and f relative to the wild type proteins corresponds to the increase in the molecular weight due to the 

55 insertion of the CMV epitope. 

(2) Only ICP35c, d were made in cells transfected with plasmid Q (Lanes 3 and 6). In this plasmid the 
CMV epitope was inserted into the Pmll site of U L 26, which is 21 amino acids upstream from U L 26.5 stop 
codon. The identification of the ICP35c, d forms was based on the observation that they co-migrated with 
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the corresponding forms specified by plasmid L which expressed only ICP35C, d in transfected cells 
(FIG. 10, Panel B, lane 17). 

(3) Insertion of sequence C into plasmid R at Pmll restriction endonuclease site destroyed this site and 
created a new Pmll cleavage site between the carboxyl terminal amino acid and the stop codon of U L 26 
without changing the amino acid sequences of either U L 26 or U L 26.5. ICP35c, d, e and f detected with 
H725 monoclonal antibody co-migrated with the authentic proteins (lane 11), indicating the insertion of 
sequence C had no effect on ICP35 expression and processing. 

(4) In plasmid S and W the CMV epitope was inserted into the new Pmll site of plasmid R at the 
carboxyl terminus of U L 26.5. Cells transfected with these plasmids accumulated ICP35c, d e, and f 
reactive with HSV-1 H725 monoclonal antibody (lanes 10, 14) but only the ICP35c and d forms reacted 
with the CMV CH28-2 monoclonal antibody (lanes 9, 14). The significant finding is that whereas ICP35c, 
and d forms of plasmid S co-migrated with the corresponding forms of plasmid J, i.e. they were 21 
amino acids longer than wild type, the ICP 35e, f indicating that the inserted amino acid sequence 
encoding the CMV epitope was removed (lanes 9 and 10). The products specified by plasmid W 
behaved in the same manner (FIG. 11). ICP35e, and f specified by plasmid W were more abundant than 
those specified by plasmids S and R possibly because in plasmid W the entire U L 26 open reading frame 
was reconstituted and more of the protein product was expressed and made available to process ICP35. 

The cleavage of the precursor ICP35 protein is approximately 20 amino acids from the carboxyl 
terminal codon. Evidence for this conclusion was that 

(1) insertion of the CMV epitope 21 amino acids from the terminus interfered with the cleavage, whereas 
insertion of the epitope at the carboxyl terminus enabled the cleavage to take effect; 

(2) the comigration of ICPSSe*. and f (with CMV epitope) and ICP35c, d. The comigration places the 
CMV-inserted e and f in the same approximate gel location as c, d in the authentic protease. 

An unexpected correlation between the cleavage mechanism used to produce the ICP35 subunits and 
to autoprocess the U L 26 protease was that both involve carboxyl terminal proteolytic cleavage. In the 
preceding sections, it was demonstrated that U L 26 is the only viral factor responsible for the carboxyl 
terminal proteolytic processing of ICP35. U L 26 coding for the protease and U L 26.5 coding for ICP35 also 
share the same carboxyl terminal amino acid sequence. The possibility that U L 26 cleaves itself emerged 
from the observation that in BHK cells transfected with plasmid P (FIG. 1) and superinfected with HSV-1 (F) 
either at 34 *C or at 39 °C expressed a doublet band of U L 26 (FIG. 11, lane 4 and 5) which reacted with 
CH28-2 monoclonal antibody. This observation suggested the possibility that U L 26 may catalyze its own 
cleavage because HSV-1 (F) expresses primarily a genes at 39° C. 

Example 12 

The Protease Cleaves Itself 

In FIG. 12 an autoradiographic image of 35 S-methionine labeled polypeptides encoded by U L 26 open 
reading frame, and electrophoretically separated in a denaturing poly aery lam ide gel, is shown. The U L 26 
open reading frame contained in plasmids U and V (FIG. 1) was transcribed in vitro and translated in a 
nuclease-treated rabbit reticulocyte lysate. The lanes shown represent positions removed from the transla- 
tion mixture at 10, 20, 90, and 360 minutes post initiation of translation. For samples shown in lanes 4-7 and 
12-15, cycloheximide was added to the translation mixture at 10 minutes post initiation of translation to 
inhibit further translation. In the case of lanes 1-3, the translation mixture at 10 minutes post initiation of 
translation was diluted 10-fold in phosphate-buffered saline containing cycloheximide (100 ug/ml). 

Additional evidence that U L 26 can catalyze its own cleavage emerged from in vitro studies. RNA 
transcribed from plasmids U or V (FIG. 1) in vitro by T7 of Sp6 RNA polymerases were translated in a 
nuclease treated rabbit reticulocyte lysate in the presence of [ 35 S]-methionine. Analyses of the elec- 
trophoretically separated products of the translation reaction were as follows (FIG. 12): 

(1) Incubation of the translation products of the U plasmid in the presence of cycloheximide resulted in 
gradual accumulation of the cleavage product (Prb) of the U L 26 protein. The amount of accumulated 
cleavage product was proportional to the duration of the incubation (lanes 16-19). 

(2) Identical results were obtained with the translation of products of plasmid V. The significance of this 
experiment stems from the presence of the CMV epitope at the carboxyl terminus of U L 26. As expected, 
the precursor form of U L 26 made from plasmid V migrated more slowly than the authentic protein 
derived from plasmid U. However, the processed from of U L 26 synthesized from plasmid V co-migrated 
with that of the authentic protein from plasmid U, indicating that the U L 26 autoprocessing involves 
carboxyl terminal proteolytic cleavage. 
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Example 13 

CI avage f ICP35c,d and Pra are Sequence Sp cific and are at the Same Site 

5 Autoradiographic images (FIG. 13, Panel A) and a photograph of polypeptides (FIG. 13, Panel B) either 
synthesized in vitro from sequences encoded in plasmids U or Y or contained in lysates of cell transfected 
with plasmids X or Z and superinfected with HSV-1(F) or HSV-1(G) are presented in FIG. 13. The in vitro 
synthesized polypeptides and those contained in cell lysates were electrophoretically separated in the same 
denaturing 12% polyacrylamide gel, electrically transferred to a nitrocellulose sheet, and reacted with 

70 monoclonal antibody anti-mouse IgG conjugated with horseradish peroxidase (Anti-IgG) only, or with this 
anti-IgG antibody in addition to the monoclonal antibody H725 (HSV Ab) or CH28-2 (CMV Ab). A dash 
indicates that the cells were infected but not transfected. The polypeptides shown in panel A were labeled 
with 35 S-methionine. The band designations were as follows: Letters c, d, e, f, without primes identify 
authentic ICP35 products of U L 26.5 open reading frame. Pra and Prb are the translation processed forms of 

75 the protease products of the U|_26 open reading frame. The double and triple primes indicate that the 
protein also contains the CMV epitope and the sequence encoding two IgG and five IgG binding domains of 
staphylococcus protein A, respectively. PA" and PA"' are the carboxyl terminus products of the cleavage of 
the ICP35c, d and Pra proteins containing inserts of CMV epitope and IgG binding domains. 

The cleavage of ICP35c, d and Pra are sequence-specific and are at the same site. The results of the 

20 experiments presented herein suggested that the cleavage/processing of the products of U L 26 and U L 26.5 
occurred at a site approximately 18-25 amino acids from the carboxyl terminus of the proteins. To 
demonstrate that the processing of these proteins occurs at the predicted site, it was necessary to 
demonstrate both products of the cleavage reaction on the same gel. In order to visualize both products, it 
was necessary to insert into the coding sequence at the predicted carboxyl terminus both the epitope for 

25 the CMV monoclonal antibody and the sequences encoding the IgG binding domains of staphylococcal 
protein A. Plasmids X and Z were constructed by inserting in frame the sequences coding for 129 and 256 
amino acids comprising two and five IgG binding domains of protein A, respectively, in frame between the 
3' terminus of the CMV epitope and the stop codon of U L 26 (FIG. 1). 

Two experiments were done. In the first, the HSV-1 open reading frames in plasmids U and Y were 

30 transcribed and translated for six hours. The proteins translated in vitro were then electrophoretically 
separated in a denaturing gel (FIG. 13, Panel A). In the second experiment, BHK cells were transfected with 
plasmids Z or X and then superinfected with HSV-2(G). The cell lysates were electrophoretically separated 
in the same gel as that used for the separation of the in vitro translated protein, electrically transferred to a 
nitrocellulose sheet, and reacted with antibody to CMV, HSV, or with anti-IgG antibody that would bind to 

35 IgG binding domains of protein A (FIG. 13, Panel B). The results were as follows: 

(i) Autocatalytic processing of the in vitro transcribed, translated HSV-1 sequences in plasmid U yielded 
as expected the protein bands designated as Pra and Prb. Similar autocatalytic processing of the 
products of the Z band yielded three bands. The first band migrated slower than the authentic precursor 
Pra band, as would be expected from the presence of additional 256 amino acids of protein A and the 21 

40 amino acids constitution the CMV epitope. The second band co-migrated with the Prb band and is 
therefore the product of the autocatalytic cleavage of the translation product. The third band co-migrated 
with the bands described below and which reacted with the CMV as well as with the anti-IgG antibody. 

(ii) the expected translation products of the plasmid X were ICP35c, d and Pra. It could be expected that 
the translation products of the plasmid Z should be similar except that, because of the smaller inserts of 

45 the protein A sequences, these proteins should migrate correspondingly faster than those of the plasmid 
X. This was in fact the case (compare lanes 3,5 and 8 with those of 4, 6 and 9). It could also be 
predicted that if the cleavage of the ICP35c, d, occurs as expected 20 amino acids from the carboxyl 
terminus of the authentic protein, that the amino terminus products of the cleavage reaction should co- 
migrate with the authentic ICP35 and react only with the HSV-1 monoclonal antibody. This was in fact 

so the case inasmuch as ICP35e and f produced by plasmid Z and X (lanes 5 and 6) co-migrate with the 
authentic ICP35e and f (lane 7) and were detectable solely by the HSV-1 specific monoclonal antibody. 
Conversely, it could be expected that the carboxyl terminus products of the cleavage reaction should 
migrate in accordance with their size, and should react with both anti IgG and CMV antibodies. As shown 
in Panel B of FIG. 7 the bands reactive with the anti IgG antibody from lysates of cell transfected with 

55 plasmid X migrated slower than the corresponding Z bands. However, because all of the carboxyl 
terminal cleavage products contained the IgG binding domains of protein A, all of the protein products 
would be expected to react with IgG irrespective of specificity of the immunoglobulin (e.g., bands 5 and 
6). 
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Inasmuch as both products were detected, the results indicate that ICP35c, d and Pra, the products of 
the U L 26.5 and U L 26, respectively, are both translationally processed by cleavage. Because the two proteins 
share amino acid sequences for the entire length of ICP35c, d and because the products of the cleavage of 
the two proteins co-migrate, the two proteins are cleaved at identical sites. Finally, the translational products 
5 of both open reading frames in vitro resolve into double bands. The double bands are particularly 
noticeable in the case of ICP35 (forms c and d). In all of the experiments done to date including those 
shown in FIG. 11 the carboxyl terminal product of the cleavage formed a single band. This observation is 
consistent with the hypothesis that the differences in the proteins which form the doublets are at the amino 
rather than the carboxyl termini of the proteins. 

w 

Example 14 

Expression System of Protease as an Assay 

75 Shown in FIG. 14 is the autoradiographic image of 35 S-methionine labeled polypeptides encoded by 
U L 26 open reading frame electrophoretically separated in a denaturing gel. The U L 26 open reading frame 
contained in plasmid U and Y (FIG. 1) was transcribed in vitro and translated in nuclease treated rabbit 
reticulocyte lysates. Lane 1 shown represents the portion removed from the translation mixture at 360 
minutes post initiation of translation. Lanes 2-5 shown represent portions removed from the translation 

20 mixture either at 10 minutes (0) or at 360 minutes (360) post initiation of translation. For samples shown in 
lanes 2-5, the equivalent amount of translation mixture at 10 minutes post initiation of translation was diluted 
20-fold in phosphate-buffered saline containing cycloheximide (100 microgram/ml) and either sodium 
dodecyl sulphate (SDS) (0.4%) (lane 3) or phenylmethanesulfonyl fluoride (PMSF) (500 micrograms/ml) 
(lane 4). 

25 As shown in FIG. 14, PMSF was capable of partially inhibiting the protease self-cleavage. In lane 5, 
normal self cleavage is shown. In line 3, there is 100% inhibition by SDS. The interpretation of Fig. 14 is 
that 1) SDS, a denaturing detergent, completely inhibits protease activity (lane 3); 2) the protease can self- 
cleave in the absence of a protease inhibitor; and 3) there is partial inhibition of protease by PMSF, a serine 
protease inhibitor. 

30 

Example 15 

Characterization of Domains of the Protease Protein 

35 Characteristics of the protease protein include: (i) it contains several domains which are not required for 
its catalytic activity and (ii) the active site is near the amino terminus of the protease. 

The experimental design employed to arrive at these characteristics was based on two observations. 
First, insertion of additional amino acid sequences including the IgG binding domains from staphylococcal 
protein A into the carboxyl terminus of the protease does not interfere with the self cleavage of the 

40 protease, but yields a readily detectable product of the reaction. Second, insertion of the sequence 
encoding a 20 amino acid epitope of human cytomegalovirus monoclonal antibody in frame into the coding 
domains of the U L 26 and U L 26.5 ORFs serves two purposes. Foremost, it serves to identify specifically the 
products of these ORFs. Second, by separating the various domains of the protease, it serves to identify 
regions of the protease which must be contiguous for its catalytic function. 

45 

A. Delineation of the functional domains of the UL26 protein. 

Three sets of mutants of the U L 26 protease (Table I) were used to explore the protease domains. Set 1 
was prepared for mapping of the U L 26 and U L 26.5 open reading frames and consisted of 3 U L 26 genes into 
so which were inserted in frame at various sites, DNA sequences encoding a 20 amino acid CMV epitope. 

The second set consisted of 10 U L 26 gene constructs with either stop codons or deletions spanning 
various regions of the gene (Table I). 

Set 3 consists of 6 U L 26 genes containing substitutions in predicted amino acid sequences starting in 
the region of amino acids 7 to 215. As described in the following sections, the U L 26 gene in each of these 
55 plasmids was expressed from an a4 promoter. The target of the protease was usually the U L 26.5 gene 
cloned in plasmid L (FIG. 1) and containing in frame the CMV epitope insert. The exceptions, clones P and 
J contained the U L 26 gene containing the CMV epitope either in the coding sequence of both the U L 26 and 
U|26.5 gene (plasmid J) or only in the U L 26 coding domain (plasmid P). 
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Typically, BHK cells were transfected with plasmid L and one of the plasmids encoding a protease, and 
superinfected with HSV-1(F) at 39' C. The cell lysates were electrophoretically separated in denaturing gels, 
transferred to a nitrocellulose sheet and reacted with the HSV monoclonal antibody H725 which reacts with 
all U L 26.5 products and CMV monoclonal antibody CH28-2 which reacts only with the U L 26.5 products 
which contain the CMV epitope (see FIG. 15). Because the HSV-i(F) contains a temperature sensitive lesion 
in the o4 genes specifying the major HSV-1 regulatory protein, it does not express its own U L 26 protease or 
substrate at 39 'C. However, the a-gene frans-inducing factor (VP16) is functional at higher temperatures 
(Post et al., 1981; Batterson et al. f 1983) and transactivates the expression of the genes specifying both the 
protease (U L 26) and the substrate (U L 26.5). The results (FIG. 15) were as follows: 

(1) The U L 26.5 gene resident in the viral genome yielded protein bands reactive with the HSV 
monoclonal antibody at 34 C C (lanes 1 and 14) but not at 39 "C (lanes 2 and 15). Furthermore, the 
presence of the products of proteolytic cleavage (bands e and f) indicate that the viral protease encoded 
by U L 26 was also made at 34° C. 

(2) The U L 26 protease encoded in the viral genome was not expressed at 39 • C (lane 3). Thus in the 
absence of the plasmid encoding the protease, the substrate encoded by plasmid L was made (bands c, 
d) but not cleaved to yield bands e, f indicating that the proteases encoded in the viral genome was not 
expressed at the non permissive temperature. 

(3) Only the precursor forms of ICP35 c, d derived from plasmid L accumulated in cells transfected with 
the mutated U L 26 genes in plasmids H (lane 4), G (lane 5), CC (lane 7), D (lane 9), DD (lane 11), FF (3 
lane 13), and II (lane 21), and J J (lane 23). In these plasmids, the protease activity of the gene product 
was inactivated. 

(4) Both the precursor and product forms of ICP35 derived from Plasmid L accumulated in cells 
transfected with the mutated U L 26 genes AA (lanes 6), B (FIG. 15, lane 8), BB (lane 10), EE (lane 12), 
GG (lane 20), HH (3 lane 19), and KK (lane 22), P (lane 25), MM (lane 26) and NN (lane 27). 

(5) As noted above, in plasmid P the 20 amino acid epitope was inserted after the amino acid 218, i.e. 
upstream from the coding domain of the substrate protein encoded by U L 26.5. The protease encoded by 
plasmid P cleaved itself (lanes 16, 17) and ICP 35 (lane 25). Plasmid J contained the CMV insert after 
the amino acid 514 (FIG. 1). In the assays (lane 18), it cleaved the product of the U L 26 encoded in 
plasmid J itself. The only cleavage product detected in this assay was band e. Because the epitope was 
also inserted into the U L 26.5 protein, it is conceivable that the inserted 20 amino acid epitope interfered 
with, and diminished the efficiency of, the cleavage. The protease encoded by plasmid Q (FIG. 1 and 
Table I) encodes a protease which cleaved the product of the U L 26 genes specified by other plasmids, 
but not by the gene encoded in its own domain 
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TABLE I 

List of mutations in the gene encoding the U L 26 protease 
Designation Mutation introduced into wild type g ne 

Insertion Mutants (20 amino aoid CMV epitope) 

P Insertion after amino acid 218. 
J Insertion after amino acid 514. 
Q Insertion after amino acid 615. 

Construction of deletion mutants 


D 

Deletion of amino 

acids 

1-220. 



G 

Deletion of amino 

acid 219-615. 



EE 

Deletion of amino 

acids 

1-9. 



FF 

Deletion of amino 

acids 

1-32. 



AA 

Insertion of stop 

codon 

after amino 

acid 

615 

BB 

Insertion of stop 

codon 

after amino 

acid 

514 

CC 

Insertion of stop 

codon 

after amino 

acid 

287 

DD 

Insertion of stop 

codon 

after amino 

acid 

218 

MM 

Insertion of stop 

codon 

after amino 

acid 

306 

NN 

Deletion of amino 

acid 307-635 




Amino acid substitutions 

GG Gly 7 AspArg with SerArgThr (new Xbal site)* 

HH Asp 31 SerGly with LeuAspMet (new Xbal site) 

II His 61 with Val (new Aatll site) . 

JJ His 14S with Ala (new PstI site) . 

KK Ser 215 with Ala (new Nhel site) . 

LL Asp^ with Ala (new Nhel site) 

*Thc substituted sequences were as follows: pUsmid OO: CCOOGAOAOCOATOwith CCGTCTAGAACCATG; pbumid 
HH: TATGACAGCGGGGAC with TATCTAOA CATOOAC; pUsmid It GACCACCGCwfth GACOTCCOC pUsxnid JJ: 
GCOCACGTTCwilb OCTOCAGTC; pUsmid KK: ACOCTTTCCACCwitfi ACGCTAOCCACC; puumid LL: 

OOOGACTCOOOO with OOGOCTAOCOOC. 

because the epitope inserted after amino acid 61 5 interfered with the cleavage. 

FIG. 16. is a summary in the form of a schematic representation of the results of the mutagenesis 
studies. The numbers refer to the amino acid numbers predicted from the nucleotide sequence of the U L 26 
ORF reported by McGeoch et al. (1988). The amino acids shown for insertion are immediately preceding 
the site of insertion. The amino acids are identified by a single letter code. Open symbols indicates that the 
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protease was functional. Closed symbols indicates the protease was inactivated by mutagenesis. The line at 
the bottom of the figure identifies the domains of the protese (Nos. I-IV) The restriction endonuclease sites 
were abbreviated as follows: B: BstEII, H: Hpal, M: Mstll, P: Pm1l. Me represents the methionine translation 
initiation codon of U L 26.5 open reading frame. 

5 

B. Characteristics of the domains of the U L 26 protease. 

The results shown in FIG. 15 and summarized in FIG. 16 indicate that the U L 26 protease consists of 4 
domains of which two are dispensable and two are not. The dispensable domains I and IV extend from 
70 amino acid 1 through 9, but not to 32, and from the carboxyl terminus (amino acid 635) to at least 307 but 
not to amino acid 287, respectively. The domain No. Ill appears to extend from at least amino acid 218 to at 
most amino acid 306. This domain can be displaced by at least 20 amino acids (CMV epitope insertion after 
amino acid 218) relative to the amino terminal portion of the protease. Domain No. II is also not dispensable 
and apparently is located between amino acids 10 and 218. 

75 

C. The catalytic domain of the U L 26 protease. 

The studies with protease inhibitors suggest that the U L 26 could be predicted to belong to either the 
chymotrypsin or subtilisin superfamilies of serine proteases (Kraut, 1977; Neurath, 1983). A shared property 
20 of the two serine protease superfamilies are active sites containing histidine, aspartic acid, and serine amino 
acids. 

The substrate of the protease, ICP35 has been reported to play a role as a scaffolding protein in the 
assembly of the HSV capsid (Newcomb et al., 1991). The sequence of events in the replication of other 
herpes viruses is similar, and homologues of ICP35 have been reported (Robson and Gibson, 1989). Of 
25 particular interest was the question whether homologues of the Ui260RF in other herpes viruses contained 
conserved histidine, aspartic acid and serine amino acids which triad plays a role in the proteolytic activity 
of U L 26 protease. 

Nucleotide sequence comparisons indicate that the ORF 33 of varicella zoster virus and the CMV U L 80 
ORF of human cytomegalovirus encode homologues of the U L 26 ORF of HSV-1 (McGeoch et al., 1988; 

30 Chee et al., 1990; Davison and Scott, 1986). The amino acid sequence comparison between HSV U L 26, 
CMV U L 80 and VZV gene 33 protein indicated the amino terminus is the most conserved domain of the 
U L 26 protease. The conclusion that the protease maps in the amino proximal domain of the U L 26 ORF is 
consistent with the observation that ICP35, the product of U L 26.5 ORF, is devoid of enzymatic activity. To 
explore the conserved amino acids in the amino proximal domain of U L 26, the substitutions in the amino 

35 acids encoded in plasmids GG, II, JJ, KK and LL probed Asp3iSer32, Asp3*. Hissi, Hisus, and Ser2is. The 
results indicated that the only amino acids whose substitutions abolished enzymatic activity were the 
conserved histidines at positions 61 and 148. In anticipation of more defined mapping studies, the catalytic 
domain of the protease most likely maps in domain II of the U L 26 protease. 

40 D. The function of the other domains of U L 26 protease. 

The functions of the domains I, II and III are not known. Because the substrate, ICP35 aggregates to 
form the scaffolding of the HSV capsids, it is likely that the protease is also involved in the scaffolding and 
that at least domain III and possibly also I and IV are required to complex with ICP35. 

45 

Example 16 

The U|26 gene encodes a serine protease 

so The 20 amino acid CMV epitope described herein and the 256 amino acid IgG binding domain of 
protein A (plasmid Y, FIG. 1) were inserted between the terminal amino acid and the stop codon of U L 26 
ORF. Transcripts of the coding domain of plasmid Y by the Sp6 RNA polymerase were translated in a 
nuclease-treated rabbit reticulocyte lysate in the presence of [^SJ-methionine for 10 min. The cyclohex- 
imide was added to stop further translation and, the translation product of the Y plasmid was incubated for 

55 another 6 hours to allow self-cleavage in the presence of protease inhibitors. The products of the reaction 
were then electrophoretically separated on denaturing polyacrylamide gels. Autoradiographic images of the 
electrophoretically separated polypeptides translated in vitro in a nuclease-treated rabbit reticulocyte lysate 
from the synthetic RNAs transcribed in vitro off the U L 26 ORF cloned in plasmid construct Y are shown in 
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FIG. 17. The lanes shown represent portions denatured for electrophoresis immediately after the 10 minute 
synthesis (lane 15, 28) or after an additional 6 hours of reaction in the presence of cycloheximide 
(100ug/ml) alone or with protease inhibitors (uM) shown (lanes 1-4, 16-27, and 29-47). All the protease 
inhibitors were dissolved in dimethyl sulfoxide (DMSO) prior to use. 

5 

The results (FIG. 17) were as follows: 

(1) The products of the 10 minute translation formed a single labeled polypeptide band containing the 
uncleaved protease (Pra) (lanes 15 and 28). 
70 (2) After six hours of reaction in the presence of cycloheximide (100 ug/ml) but in the absence of 
protease inhibitors, the translation mixture formed three bands corresponding to the intact translation 
product (Pra), the amino terminal (Prb), and the carboxyl terminal (PA) portions of the cleavage products 
of the translation (lanes 9, 10, 21, 22, and 33). 

(3) The amounts of cleavage products, Prb and PA were reduced in translation mixtures reacted in the 
75 presence of cycloheximide and the lower concentrations of the serine protease inhibitors diisopropyl 
fluorophosphate (DFP, Sigma, St. Louis, Mi), L-1-tosylamido-2-phenylethyl chloromethyl ketone (TPCK, 
Sigma), /v-a-p-tosyl-L-lysine chloromethyl ketone (TLCK, Sigma), phenylmethylsulfonyl fluoride (PMSF, 
Sigma), and chymostatin (Boehringer Mannehim, Indianapolis, IN). At the highest concentrations tested 
the digestion products were not detected (lane 1 , 29, 34, 39, and 44). 
20 (4) The cleavage of the translation product (Pra) was not affected by the cysteine protease inhibitors 
iodoacetic acid (Sigma) and cystatin (Boehringer Mannheim; lanes 5-9, 22-27), by ethyleneglycol-bis (0- 
aminoethyl ether), N, N, N\ N\-tetraacetic acid (EGTA), a chelator and inhibitor of metalloprotease (lanes 
12-14), or by the aspartic acid protease inhibitor pepstatin (Boehringer Mannheim; lanes 15-21). 
These results are consistent with the hypothesis that U L 26 gene product is a serine protease. 

25 

Example 17 

Detection of a Candidate Inhibitor Substance 

30 In still further embodiments, the present invention concerns a method for identifying new herpes viral 
protease inhibitory compounds, which may be termed as "candidate substances." It is contemplated that 
this screening technique will prove useful in the general identification of any compounds that will serve the 
purpose of inhibiting the herpes protease. It is further contemplated that useful compounds in this regard 
will in no way be limited to proteinaceous or peptidyl compounds. In fact, it may prove to be the case that 
35 the most useful pharmacologic compounds for identification through application of the screening assay will 
be non-peptidyl in nature and, e.g., which will be recognized and bound by the enzyme, and serve to 
inactive the enzyme through a tight binding or other chemical interaction. 

Thus, in these embodiments, the present invention is directed to a method for determining the ability of 
a candidate substance to inhibit a herpes protease, the method including generally the steps of: 
40 (a) obtaining a composition comprising a herpes protease that is capable of cleaving its own amino acid 
sequence, or cleaving the ICP35 protein or any amino acid sequence containing the cleavage site for this 
protease; 

(b) admixing a candidate substance with the protease composition; and 

(c) determining the ability of the protease to effect cleavage in the presence of the candidate substance. 
45 An important aspect of the candidate substance screening assay hereof is the ability to prepare a 

protease composition in a relative purified form, for example, in a manner as discussed herein. This is an 
important aspect of the candidate substance screening assay in that without at least a relatively purified 
preparation, one will not be able to assay specifically for protease inhibition, as opposed to the effects of 
the inhibition upon other substances in the extract which then might affect the protease. In any event, the 

50 successful isolation of the protease now allows for the first time the ability to identify new compounds which 
can be used for inhibiting this herpes related protein. 

The candidate screening assay is quite simple to set up and perform, and is related in many ways to 
the assay discussed above for determining protease activity. This, after obtaining a relatively purified 
preparation of the protease, one will desire to simply admix a candidate substance with the protease 

55 preparation, preferably under conditions which would allow the protease to perform its cleavage function but 
for inclusion of a inhibitory substance. Thus, for example, one will typically desire to include within the 
admixture an amount of a known protease substrate such as the amino acid sequence coded by the U L 26.5 
coding sequence or at least the cleavage site at which the protease cleaves ICP35 c, d into e and f. In this 
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fashion, one can measure the ability of the candidate substance to reduce or alter cleavage of the herpes 
protease substrate relatively in the presence of the candidate substance. 

Accordingly, one will desire to measure or otherwise determine the activity of the relatively purified 
protease in the absence of the assayed candidate substance relative to the activity in the presence of the 
5 candidate substance in order to assess the relative inhibitory capability of the candidate substance. 

In still further embodiments, the present invention is concerned with a method of inhibiting a protease 
which includes subjecting the protease to an effective concentration of a protease inhibitor such as one of 
the family of peptidyl compounds discussed above, or with a candidate substance identified in accordance 
with the candidate screening assay embodiments. This is, of course, an important aspect of the invention in 
70 that it is believed that by inhibiting the herpes protease, one will be enabled to treat various aspects of 
herpes infections. It is believed that the use of such inhibitors to block the action of the protease to produce 
capsid proteins will serve to treat or palliate the infection, and may be useful by themselves or in 
conjunction with other herpes therapies. 

75 1. Markers (Tracers) 

Two monoclonal antibodies were used as markers (tracers), one to a stationary epitope encoded by 
both U L 26 and U L 26.5 open reading frames and one reactive with a "movable epitope." The latter was an 
indispensable tool in the identification of the products of the two open reading frames, in the determination 

20 of the function of the proteins, and in mapping of the cleavage site. Without the "movable epitope," analysis 
would depend solely on radioactive tracers or monoclonal antibodies to oligopeptides corresponding to 
various domains of the genes. The movable epitope offers instant antibody to the product of any open 
reading frame and, when used in the context of the present invention, it enormously facilitated identification 
of the function of the product of the gene into which it has been inserted. 

25 By inserting the coding sequence of an epitope reactive with a cytolomegalovirus monoclonal antibody 
and homologs of the IgG binding domain of staphylococcus protein A into the 3' termini of the coding 
domains of the two open reading frames, the products of the protease cleavage were identified, the cleaved 
protease, designated Prb % and ICP e and f. It was also determined by this methodology that the cleavage 
site for the ICP35 proteins and that separating the total protease sequence into Pra and Prb, is 

30 approximately 20 amino acids from the carboxyl termini of both the protease and the ICP precursor. 

As an example of the investigation of the herpes genome using plasmids with markers, the effect of one 
of the marker-inserted plasmids, S (FIG. 1), used to transfect cells with a portion of the herpes genome is 
illustrative. In this plasmid the CMV epitope was inserted at the carboxyl terminus of the sequence of ICP35. 
The cells infected with a portion of the herpes genome in this fashion were then collected and disrupted so 

35 that proteins within the cells could be analyzed. These proteins were then electrophoretically separated by 
molecular weight into bands. ICP35 is immunologically identifiable by the HSV antibody. The CMV epitope 
was sought among the bands by applying the antibody to the epitope and detecting a signal indicating the 
production of an antigen-antibody complex. Results of this immunological analysis showed that the CMV 
epitope was detected in bands c and d, but not in e and f. This indicated that cleavage of the carboxyl 

40 terminus of c and d had taken place to form e and f. 

2. Cell Free Protein Synthesis 

Another useful technique was a cell free protein synthesizing system. RNA's corresponding to the 
45 mRNA'S of U|26 and U L 26.5 were transcribed by Sp6 RNA polymerase and translated in nuclease-treated 
rabbit reticulocyte lysates, a cell-free, "ribosome machine." The proteins translated in cell free systems in 
vitro were labelled with radioactive labels, separated by gel electrophoresis, and subjected to autoradiog- 
raphy to locate the band containing labels. There were two sets of experiments using this general 
methodology: 

50 (i) Incubation of the translation products of the U plasmid in the presence of cycloheximide which 
resulted in gradual accumulation of the cleavage product (Prb) of the U L 26 protein. The amount of 
accumulated cleavage product was proportional to the duration of the incubation (FIG. 12, lanes 12-15). 
(ii) Identical results were obtained with the translation products of plasmid V (lanes 4-7). The significance 
of this experiment stems from the presence of the CMV epitope at the carboxyl terminus of U L 26. As 

55 expected, the translation product Pra of U L 26 made from plasmid V migrated more slowly than the 
authentic protein derived from plasmid U. However, the processed form Prb of U L 26 synthesized from 
plasmid V comigrated with that of the authentic protein from plasmid U, indicating that the U L 26 
autoprocessing involves carboxyl terminal proteolytic cleavage. 
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3. HSV-1(F), a Temp rature S nsitive Mutant 

Another tool used in the analysis of the HSV genome was HSV-1(F), a temperature sensitive mutant 
which at 39° C does not express its own U L 26 and U L 26.5 open reading frame. Rather, HSV-1(F) at the non- 
permissive temperature induces a-gene promoters (Post et al., 1981) and expresses primarily the a type 
genes. 

4. Identification and Use of Protease Inhibition 

If the action of the protease is inhibited, the capsid cannot be produced and the virus will not be 
replicated. This inhibition may be either at the level of transcription, translation, or protein action. 
Interference with transcription would necessitate interference with mRNA formation on a DNA template. 
Interference with translation would necessitate interfering with the synthesis of proteins on the mRNA 
template. Alternatively, the action of the protease may itself be disrupted either by destroying the structure 
of the protease, in particular its proteolytic module, altering the cleavage site of its substrate, or binding the 
protease to irreversible inhibitors. 

Specifically designed peptides which block the function of the protease are extremely valuable in 
preventing and treating herpes infections. Embodiments of these blockers include any substrate analogues 
or serine protease inhibitor, e.g., oligopeptides or their derivatives which contain the amino acid sequence of 
the cleavage site recognized by the protease. Methods for identifying suitable protease inhibitors from 
candidate substances are disclosed in Example 17. 

It is an additional object of the present invention to provide a ready means for producing the viral 
protease for use in detecting inhibitors, to develop treatment modalities, to develop antibodies for detection 
of viral infection, and to develop inactive mutants of the protease. 

An exemplary embodiment for preparing the protease protein is to prepare a nucleic acid segment 
which includes a nucleic acid sequence capable of encoding the desired protease protein or polypeptide. 
This segment may be that which encodes the entire protease or only some portion of it, for example, the 
proteolytic domain of the protease. The segment may be as small as that capable of triggering a positive 
signal with an antibody, thereby, identifying the presence of a viral infection. Segments functionally 
equivalent to those shown in FIG. 1, which were developed in the present invention, may also be selected 
depending on the desired polypeptide to be produced. Functional equivalence may be determined by 
testing whether the segment can cleave either the ICP35 precursor or the Pr protease, for example, using 
techniques disclosed herein to detect protease inhibitors from among candidate substances. 

The nucleic acid segment selected is transferred into an environment appropriate for expression of the 
segment as a polypeptide. This environment may be a vessel containing a mixture capable of inducing 
expression, e.g., a rabbit reticulocyte lysate. Alternatively, the segment may be transferred to a host cell by 
transformation, transfection via a recombinant expression vector, electroporation, or a "gene gun." The host 
cell may be selected from BHK cells, Vero, Hela, E. coli, and the like. 

The recombinant expression vector may include a promoter. Embodiments of promoters are the a4 
promoter, the native promoter of U L 26.5, and any other prokaryotic or eukarystic promoters. 

In another embodiment, the nucleic acid segment may be prepared by obtaining genomic nucleic acids 
from herpes cells, amplifying a proteolytic site-conserved nucleic acid sequence region within the genomic 
nucleic acids, preparing recombinant clones which include said amplifying nucleic acid sequences, and 
selecting clones which comprise the desired amplified nucleic acid sequence. 

The viral protease may also be prepared by obtaining a sample which contains the protease, 
homogenizing the sample, and fractionating the homogenate to obtain a protease fraction. Samples which 
contain the protease will include biological samples, for instance, virally infected tissues. 

5. Treatment of Herpes Infections 

Treatment modalities contemplated include topical and systemic medicants. For dermal and epidermal 
lesions, creams, ointments or sprays containing a protease inhibitor, are contemplated. Alternatively, 
systemic treatment by intravenous injection or ingestion is envisioned to prevent the deleterious outbreak of 
viral replication due to reactivation of latent viral inhabitants of host cells. 

6. Virus and Cells 

The properties of HSV-1(F) and HSV-2(G), the prototype HSV-1 and HSV-2 strains, respectively, used in 
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this invention, and the maintenance and propagation of the thymidine kinase minus baby hamster kidney 
(BHK) cells have been described previously and are incorporated herein by reference (Arsenakis et al., 
1986; Ejercito et al., 1968; Roizman and Spear, 1968). 

5 7. Monoclonal Antibodies 

Monoclonal antibody H725 and CH28-2 to ICP35 and CMV glycoprotein B, respectively, have been 
described previously (Braun et al., 1983, 1984; see also Zweig, 1980, Liu and Roizman, 1991). The 
monoclonal antibody H725 reacts with ICP35 of HSV-1 but not with HSV-2 proteins (Braun et al., 1983, 
70 1984). CH28-2 was obtained from L. Pereira (Liu and Roizman, 1991a; Braun et al., 1984). As a substitute, 
any commercial antibodies for any known epitope may be used. CH28-2 is a monoclonal antibody directed 
against human cytomegalovirus (CMV) glycoprotein B. The epitope of this antibody has been mapped to a 
20-amino-acid peptide, N-KGQKPNLLDRLRHRKNGYRH-C, by assaying the reactivity of a series of overlap- 
ping peptides synthesized according to the predicted nucleotide sequence of the protein. 

75 

8. InVltro Transcription and Translation 

5ug of Plasmid DNA templates linearized with EcoRI or HincM were prepared and transcribed in the 
presence of cap analog GppG (New England Biolabs, MA) with Sp6 or T7 RNA polymerase as recpm- 

20 mended by Promega Biotec, Madison, Wl. One ug amounts of the RNAs were translated for ten minutes in 
50 ul reaction mixtures containing nuclease-treated rabbit reticulocyte lysate (Promega Biotech, Wl) and 
pSJ-methionine (Dupont, NEN Research Product), and the translation was then terminated either by the 
addition of a disruption buffer (0.05M Tris pH 7.0, 8.5% vol/vol sucrose, 5% vol/vol j8-mercaptoethanol, and 
2% vol/vol sodium dodecyl sulfate) or by 20 fold dilution in phosphate-buffered saline containing cyclohex- 

25 imide (100 ug/ml final concentration) and various concentrations of protease inhibitors. After 6 hrs of 
reaction in tee presence of cycloheximide the mixtures were denatured in disruption buffer, subjected to 
electrophoresis in polyacrylamide gels, electrically transferred to nitrocellulose sheets as described herein 
(see also Liu and Roizman, 1991 and Braun, 1984) and exposed to Kodak X-Omat films. 

30 9. Transfections and Superinfection of Cells Transfected With Plasmid DNAs 

Transfections were done as described by Kristie and Roizman (1984) except that wells were generally 
transfected with 10ug of plasmid DNA. 6-well Costar (Cambridge, Mass.) dish cultures of BHK, cells 
contained approximately 10 6 cells per well. In most experiments, the transfected cells were exposed 18 to 

35 20 hours post transfection to 10 pfu of HSV-1 (F) or HSV-2(G) per cell as stated in the Results. After 2 hours 
of exposure of cells to virus at 10* C, the inoculum was replaced with Dulbecco's modified Eagle's medium 
supplemented with 10% fetal bovine serum and the cells were incubated at 34 °C, 37 °C, or 39 °C for 20 
hours. In the experiments which did not involve viral infection, the cells were harvested 40-42 hours post 
transfection. At 20 hr. postinfection, cells were labelled for 2 hr with 50 u, Ci of 35 S methionine in 1 ml of 

40 medium (199 without methionine supplemented with 1% calf serum). The harvested cells were washed once 
with phosphate-buffered saline, pelleted by centrifugation at about 4,000 rpm for 5 min in a SS34 Sorvall 
rotor spun in a DuPont centrifuge, suspended in the disruption buffer, sonicated for 20 seconds in ice, and 
boiled for 1 minute before electrophoretic separation in denaturing gels (see also Liu and Roizman, 1991a 
and b; Ejercito et al., 1968). 

45 

10. Electrophoretic Separation and Staining of Infected Cell Proteins With Monoclonal Antibody 

The denatured, solubilized polypeptides from cell lysates or in vitro translation were separated on 9.5% 
or 12% (vol/vol) SDS-polyacrylamide gels crosslinked with N.N'-diallyltartardiamide as described by Gibson 

so and Roizman (1972, 1974), and Braun et al. (1984). The separated polypeptides from BHK cells were 
transferred electrically to nitrocellulose membranes and reacted in an enzyme-linked immunoassay with 
only anti-mouse IgG conjugated with horseradish peroxidase (Amersham, Arlington Heights, IL) or with this 
anti-mouse IgG in addition to the monoclonal antibodies H725 against HSV-1, ICP35 or CH28-2 against 
CMV epitope, as previously described (Braun et al., 1984). The gels containing the separated polypeptides 

55 translated from the reticulocyte lysate were dried and exposed to Kodak X-Omat film. 

11. Isolation and S1 Analysis f Cytoplasmic RNA 
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Cytoplasmic RNA was purified as described previously by Jenkins and Howett (1984) from Vero cells 
mock infected or infected with 20 PFU of HSV-1(F) per cell and maintained for 12 h. HSV-1 DNA probe 
(0.02 pmol) was 5' end labeled with [ 7 32 P]ATP (Dupont, NEN Research Products), hybridized to 50 ug of 
total cytoplasmic RNA, digested with S1 nuclease, and separated on 7% polyacrylamide gels in the 
5 presence of 8 M urea (Jenkins and Howett, 1984). 

12. Methods of Preparing the Proteins of the Present Invention 

Recombinant vectors are useful both as a means for preparing quantities of the protease or ICP35 

70 encoding DNA itself, or as a means for preparing the encoded proteins. It is contemplated that where 
proteins of the invention are made from recombinant means, one may employ either prokaryotic or 
eukaryotic expression systems. 

Where expression of herpes nucleic acid segments in a eukaryotic host is contemplated, it may be 
desirable to employ a vector, such as a plasmid, that incorporates a eukaryotic origin of replication, as 

75 exemplified by vectors of the pCMV series, like pCMV4. Additionally, for the purposes of expression in 
eukaryotic systems, one will desire to position the protease or ICP35 encoding sequence adjacent to and 
under control of an effective eukaryotic promoter, such as an SV40 or CMV promoter. To bring a coding 
sequence under the control of a promoter, whether it be a eukaryotic or prokaryotic promoter, all that is 
generally needed is to position the 5' end of the transcription initiation site of the transcriptional reading 

20 frame of the protein between about 1 and about 50 nucleotides downstream of the promoter chosen. 

Furthermore, where eukaryotic expression is contemplated, one will desire to incorporate into the 
transcriptional unit which includes the desired peptide or protein, an appropriate polyadenylation site(e.g.5'- 
AATAAA-3'). Typically, the poly A site is placed about 30 to 2000 nucleotides "downstream" of the 
termination site of the protein at a position prior to transcription termination. 

25 Useful eukaryotic vectors which include all of the foregoing, and into which the herpes genes of the 
present invention can be inserted with little difficulty are well known. For example, suitable vectors include 
pCD and pCMV, with the most preferred system being pCMV. In addition to pCD and pCMV vectors, other 
preferred eukaryotic expression vectors include pMSG and pSVL from Pharmacia LKB Technology, 
Piscataway, N.J. These utilize the MMTV and SV40 late promoters, respectively. A cDNA incorporating the 

30 entire reading frames of the herpes protein, such as shown in FIG. 1, can be readily inserted into one of the 
foregoing vectors via the Hindlll restriction site (AAGCTT) "upstream" of (i.e. 5' of) the initiation codon 
(ATG) that begins translation of the encoded ICP35 precursor. 

It is contemplated that virtually any of the commonly employed eukaryotic host cells can be used in 
connection with herpes gene expression in accordance herewith. Examples include lines typically employed 

35 for eukaryotic expression such as AtT-20, HepG2, VERO, HeLa, CHO, Wl 38, BHK, COS-7 RIN and MDCK 
cell lines. A preferred line for use in eukaryotic expression embodiments of the present invention is the BHK 
system. 

Prokaryotic expression is an alternative which can be employed where desired. Although not required, 
where prokaryotic expression is envisioned, one will generally desire to employ a transcriptional unit which 

40 incorporates a reading frame corresponding only to the desired peptide itself, represented by embodiments 
in FIG. 1, so that further processing will not be required. Typically, prokaryotic promoters which may be 
employed include P L ,T7 and lac promoter, with T7 being generally preferred. Other preferred bacterial 
expression vectors include plasmid PKK233-2 and PKK233-3, available from Pharmacia LKB Technology. 
These utilize the tac and trc promoters, respectively. 

45 Of course, even where a eukaryotic hook-up and expression is used, one will nevertheless desire to 
include a prokaryotic origin of expression, as well as selective markers operable in prokaryotic systems, to 
allow "shuttling" of sequences from construction in prokaryotic to expression in eukaryotes. 

In certain embodiments, one may desire to simply prepare herpes proteins or peptides in accordance 
with the present invention by non-recombinant synthetic means, such as by chemical synthesis of peptides 

so or cell-free ribosomal "machine".. Suitable peptide synthesizers are commercially available (Applied 
Biosystems), and may be employed. 

In certain embodiments of the invention it is contemplated that DNA fragments both shorter and longer 
which incorporate sequences from FIG. 1 will find additional utilities, including uses in the preparation of 
short active peptides or even as short DNA fragment hybridization probes, e.g., in screening clone banks. In 

55 any event, fragments corresponding to the FIG. 1 sequence for stretches of as short as 14-20 or so 
nucleotides, will find utility in accordance with these or other embodiments. By having stretches of at least 
about 14 nucleotides in common with the nucleic acid segments of FIG. 1, or their complements, a DNA 
segment will have the ability to form a preferential hybrid with herpes species DNA, particularly under more 
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stringent conditions such as 0.1 5M NaCI and 0.02M sodium citrate pH 7.4 at 50° C. 

While a complementary or common stretch of about 14 or so nucleotides will ensure the ability to form a 
stable hybrid, longer stretches of complementarily may prove more desirable for certain uses. Thus, one 
may desire for certain uses DNA segments incorporating longer stretches of complementarily, for example, 
5 on the order of 18, 22 or even 25 or so bases. 

13. Antibodies Against the Proteins of the Present Invention 

In other embodiments, the invention concerns the preparation of antibodies to the herpes protease and 
70 species derived therefrom, either recombinant or non-recombinantly prepared. For example, it is con- 
templated that antibodies prepared against the herpes protease of FIG. 1, or other non-human species such 
as bovine or porcine, will have certain advantages over antibodies prepared against the human species, 
particularly in embodiments where an immuno-binding of reduced strength is desired. 

Compositions which include monoclonal antibodies of the present invention may be prepared by first 
75 fusing spleen cells of a rodent with myeloma cells from the same rodent species, wherein the rodent 
providing the spleen cells has been immunized with the herpes peptide, precursor, or related peptides. The 
rodent species utilized will generally be a mouse, particularly where one seeks to make an antibody against 
the herpes protease of FIG. 1. Of course, where a protease is prepared which incorporates structural 
variations over the one will likely be able to successfully employ a hybridoma system according to the 
20 species of interest. 

In addition, the present invention provides a method for isolating proteases from other species which 
may be found antigenically cross-reactive with that of HSV-1. This method includes preparing an im- 
munoadsorbent material having attached thereto an antibody to the protease. Numerous immunoadsorbent 
materials are known to those skilled in the art and include, for example, Affi-Gel, Cn-Sepharose, protein 

25 A = Sepharose, and numerous other well known immunoadsorbent techniques. All such techniques are 
applicable to the present invention and should prove useful in the isolation of the immuno cross-reactive 
species (for a more complete listing, see Monoclonal Hybridoma Antibodies: Techniques and Applications , 
John G. Hurrell, ed., CRC Press, 1982, incorporated herein by reference). 

Moreover, kits may be provided in accordance with the present invention to allow for a clinical detection 

30 of the herpes protease, and related proteases, in a biologic sample. Such kits would include polyclonal or 
monoclonal antibodies having specificity for the protease or immunologically related protease, in combina- 
tion with an immunodetection reagent. An immunodetection reagent is defined as any reagent for detecting 
or quantifying the formation of antibody/antigen complexes. Typical immunodetection reagents include the 
use of radiolabeled or enzyme-labeled antigens or antibodies. Techniques which incorporate labeled 

35 antibodies include, for example, RIA (radioimmunoassay) and ELISA (enzyme-linked immuno assay). 
However, numerous other techniques are known which may be employed in immunodetection kits in 
accordance with the present invention. Patents which teach suitable techniques include, for example, U.S. 
Patents 4,446,232; 4,407,943; 4,399,299; and 454,233. 

Thus, a typical herpes protease detection kit based on the ELISA technique could include the anti- 

40 herpes protease monoclonal antibody or purified protease antigen (where one seeks to detect circulating 
antibodies), and a second "immunodetection" antibody capable of specifically immunoreacting with the 
purified antigen or anti-protease antibody. The second antibody could have a color-generating enzymatic 
activity associated with it, for example, an attached peroxidase molecule. When a second 
"immunodetection" antibody is employed in this fashion, one will generally first form an immunocomplex 

45 between the biologic sample to be tested, for example, serum, plasma, urine or tissue samples, and the 
antibody. After forming such an immunocomplex, the immunodetection antibody is added to react quantita- 
tively with protease-bound antibody. This complex formation is then quantitated through the calorimetric 
peroxidase assay. 

An alternative to using the above double-antibody technique, one may incorporate the enzyme or radio- 
so ligand directly on the anti-protease antibody, and quantification made directly with the use of this directly 
labeled antibody. 

The foregoing type of kit and method is well known and can be viewed generally as including the steps 
of obtaining a biologic sample from a patient, contacting the biologic sample with anti-herpes protease 
monoclonal antibody under conditions which will promote the formation of antibody/antigen complexes and 
55 detecting the formation of a specific immunologic reaction between the monoclonal antibody and the 
sample. 

Neutralizing antibodies are also contemplated which, when bound to the protease or a segment thereof, 
render the proteolytic capability of the protease non-functional. 
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14. Host Cell Cultures and V ct rs 

In general, prokaryotes are preferred for the initial cloning of DNA sequences and constructing the 
vectors useful in the invention. For example. E. coli K12 strain 294 (ATCC No. 314460) is particularly 

5 useful. Ottur microbial strains which may be used include E. coli. strains such as £ coli B, and £ coliX 
1776 (ATTC No. 31537). These examples are, intended to be illustrative rather than limiting. 

Prokaryotes may also be used for expression. The aforementioned strains, as well as £ coli W3110 (F-, 
lambda-, prototrophic, ATCC No. 273325), bacilli such as Bacillus subtilus, or other enterbacteriacea such 
as Salmonella typhimurium or Serratia marcesans, and various Pseudomonas species may be used. 

w In general, plasmid vectors containing replicon and control sequences which are derived from species 
compatible with the host cell are used in connection with these hosts. The vector ordinarily carries a 
replication site, as well as marking sequences which are capable of providing phenotypic selection in 
transformed cells. For example, £ coli is typically transformed using PBR322, a plasmid derived from an £ 
coli species pBR 322 contains genes for ampicillin and tetracycline resistance and thus provides easy 

75 means for identifying transformed cells. The PBR plasmid, or other microbial plasmid or phage must also 
contain, or be modified to contain, promoters which can be used by the microbial organism for expression 
of its own proteins. 

The promoters most commonly used in recombinant DNA construction include the B-lactamase 
(penicillinase) and lactose promoter systems and a tryptophan (trp) promoter system. While these are the 
20 most commonly used, other microbial promoters have been discovered and utilized, and details concerning 
their nucleotide sequences have been published, enabling a skilled worker to ligate them functionally with 
plasmid vectors. 

In addition to prokaryotes, eukaryotic microbes, such as yeast cultures may also be used. Sac- 
charomyces cerevisiase, or common baker f s yeast is the most commonly used among eukaryotic 

25 microorganisms, although a number of other strains are commonly available. For expression in Sac- 
charomyces, the plasmid Yrp7, for example, is commonly used. This plasmid already contains the trp\ 
gene which provides a selection marker for a mutant strain of yeast lacking the ability to grow in tryptophan, 
for example ATCC No. 44076 or PEP4-1 . The presence of the trp\ lesion as a characteristic of the yeast 
host cell genome then provides an effective environment for detecting transformation by growth in the 

30 absence of tryptophan. 

Suitable promoting sequences in yeast vectors include the promoters for 3-phosphoglycerate kinase or 
other glycolytic enzymes, such as enolase, glyceraldehyde-3-phosphate dehydrogenase, hexokinase, 
pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate isomerase, 3-phosphoglycerate mutase, 
pyruvate kinase, triosephosphate isomerase, phosphoglucose isomerase, and glucokinase. In constructing 

35 suitable expression plasmids, the termination sequences associated with these genes are also ligated into 
the expression vector 3* of the sequence desired to be expressed to provide polyadenylation of the mRNA 
termination. Other promoters, which have the additional advantage of transcription controlled by growth 
conditions are the promoter region for alcohol dehydrogenase 2, isocytochrome C, acid phosphatase, 
degradative enzymes associated with nitrogen metabolism, and the aforementioned glyceraldehyde-3- 

40 phosphate dehydrogenase, and enzymes responsible for maltose and galactose utilization. Any plasmid 
vector containing a yeast-compatible promoter, origin of replication and termination sequences is suitable. 

In addition to microorganisms, cultures of cells derived from multicellular organisms may also be used 
as hosts. In principle, any such cell culture is workable, whether from vertebrate or invertebrate culture. 
However, interest has been greatest in vertebrate cells, and propagation of vertebrate cells in culture (tissue 

45 culture) has become a routine procedure in recent years. Examples of such useful host cell lines are AtT-20 
VERO and HeLa cells, Chinese hamster ovary (CHO) cell lines, and W138, BHK, COS-7 293 and MDCK cell 
lines. Expression vectors for such cells ordinarily include (if necessary) an origin of replication, a promoter 
located in front of the gene to be expressed, along with any necessary ribosome binding sites, RNA splice 
sites, polyadenylation site, and transcriptional terminator sequences. 

50 For use in mammalian cells, the control functions on the expression vectors are often provided by viral 
material. For example, commonly used promoters are derived from polyoma, Adenovirus 2, 
Cytomegalovirus and most frequently Simian Virus 40 (SV40). The early and late promoters of SV40 virus 
are particularly useful because both are obtained easily from the virus as a fragment which also contains the 
SV40 viral origin of replication. Smaller or larger SV40 fragments may also be used, provided there is 

55 included the approximately 250 bp sequence extending from the Hind III site toward the Bg1 site located in 
the viral origin of replication. Further, it is also possible, and often desirable, to utilize promoter or control 
sequences normally associated with the desired gene sequence, provided such control sequences are 
compatible with the host cell systems. 
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An origin of replication may be provided either by construction of the vector to include an exogenous 
origin, such as may be derived from SV40 or other viral (e.g., Polyoma, Adeno, HSV, BPV, CMV source, or 
may be provided by the host cell chromosomal replication mechanism. If the vector is integrated into the 
host cell chromosome, the latter is often sufficient. 

5 

15. Nucleic Acid Hybridization to Detect the Sequences Capableof Coding for the Serine Prot- 
eases, the ICP35 Proteins or their Biologically Functional Equivalents. 

The nucleic acid sequence information provided by the invention allows for the preparation of relatively 

w short DNA (or RNA) sequences having the ability to specifically hybridize to gene sequences capable of 
coding for at least the proteolytic domain of the proteases or the cleavage site of the ICP35 problems. In 
these aspects, nucleic acid probes of an appropriate length are prepared based on a consideration of the 
sequence shown in FIG. 1. The ability of such nucleic acid probes to specifically hybridize to the proteases 
or ICP35 gene sequences lend them particular utility in a variety of embodiments. Most importantly, the 

75 probes can be used in a variety of assays for detecting the presence of complementary sequences in a 
given sample. Other uses are envisioned, including the use of the sequence information for the preparation 
of mutant species primers, or primers for use in preparing other genetic constructions. 

To provide certain of the advantages in accordance with the invention, the preferred nucleic acid 
sequence employed for hybridization studies or assays includes sequences that are complementary to at 

20 least a 14 base nucleotide stretches of the sequence shown in FIG. 1. A size of at least 14 nucleotides in 
length helps to ensure that the fragment will be of sufficient length to form a duplex molecule that is both 
stable and selective. Such fragments may be readily prepared by, for example, directly synthesizing the 
fragment by chemical means, by application of nucleic acid reproduction technology, such as the PCR 
technology of U.S. Patent 4,603,102, or by introducing selected sequences into recombinant vectors for 

25 recombinant production. Segments of from 18 to 25, or even 30 to 40 bases, all the way up to sizes large 
enough to encode a complete gene or genes, are also within the scope of this invention. 

Accordingly, the nucleotide sequences of the invention are important for their ability to selectively form 
duplex molecules with complementary stretches of the gene. Depending on the application envisioned, 
varying conditions of hybridization may be employed to achieve varying degree of selectivity of the probe 

30 toward the target sequence. For applications requiring a high degree of selectivity, relatively stringent 
conditions may be employed to form the hybrids, for example, selecting relatively low salt and/or high 
temperature conditions, such as provided by 0.02M-0.15M NaCI at temperatures of 50 *C to 70 *C. These 
conditions are particularly selective, and tolerate little, if any, mismatch between the probe and the template 
or target strand. 

35 Of course, for some applications, for example, preparation of mutants employing a mutant primer strand 
hybridized to an underlying template, or to isolate protease or ICP35 coding sequences from related 
species, functional equivalents, or the like, less stringent hybridization conditions are called for in order to 
allow formation of the heteroduplex. In these circumstances, conditions employed would be, e.g., such as 
0.15M-0.9M salt, at temperatures ranging from 20 °C to 55 *C. Cross-hybridizing species can thereby be 

40 readily identified as positively hybridizing signals with respect to control hybridizations. In any case, it is 
generally appreciated that conditions can be rendered more stringent by the addition of increasing amounts 
of formamide, which serves to destabilize the hybrid duplex in the same manner as increased temperature. 
Thus, hybridization conditions can be readily manipulated, and thus will generally be a method of choice 
depending on the desired results. 

45 In certain embodiments, it will be advantageous to employ nucleic acid sequences of the present 
invention in combination with an appropriate means, such as a label, for determining hybridization. A wide 
variety of appropriate indicator means are known in the art, including radioactive, enzymatic or other 
ligands, such as avidin/biotin, which are capable of giving a detectable signal. In preferred diagnostic 
embodiments, an enzyme tag such as urease, alkaline phosphatase or peroxidase, may be employed 

so instead of radioactive or other environmental undesirable reagents. In the case of enzyme tags, calorimetric 
indicator substrates are known which can be employed to provide a means visible to the human eye or 
spectrophotometrically, to identify specific hybridization with complementary nucleic acid-containing sam- 
ples. 

In general, it is envisioned that the hybridization probes described herein will be useful both as reagents 
55 in solution hybridization as well as in embodiments employing a solid phase. In embodiments involving a 
solid phase, the test DNA (or RNA) is adsorbed or otherwise affixed to a selected matrix or surface. This 
fixed, single-stranded nucleic acid is then subjected to specific hybridization with selected probes under 
desired conditions. The selected conditions will depend on the particular circumstances based on the 
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particular criteria required (depending, for example, on the G + C contents, type of target nucleic acid, 
source of nucleic acid, size of hybridization probe, etc.). Following washing of the hybridized surface so as 
to remove nonspecifically bound probe molecules, specific hybridization is detected, or even quantified, by 
means of the label. 

5 One method of making molecules for detection of cell extracts is to use fluorescent probes. Fluorescent 
probes are well known to those skilled in the art. An example of a method is to bind fluorescein-labeled 
avidin (Vector Laboratories, Burlingame, Ca) to a biotin-labeled protein. The signal may be enhanced. 

The present invention has been described in terms of particular embodiments found or proposed by the 
present inventors to comprise preferred modes for the practice of the present invention. It will be 

iq appreciated by those of skill in the art that numerous modifications and changes can be made in the 
particular embodiments exemplified without departing from the spirit and scope of the invention. For 
example, due to codon redundancy, changes can be made in the underlying DNA sequence without 
affecting the protein sequence. Moreover, due to biological functional equivalency considerations, changes 
can be made in protein structure and still achieve a useful protease or antigenic subfragment. All such 

75 modifications are intended to be included within the scope of the appended claims. 

The features disclosed in the foregoing description, in the claims and/or in the accompanying drawings 
may, both separately and in any combination thereof, be material for realising the invention in diverse forms 
thereof. 
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Claims 

35 1. A herpes protease. 

2. The herpes protease of claim 1 further defined as a serine protease. 

3. The herpes protease of claim 1 comprising an apparent molecular weight of approximately 75kd to 
40 85kd as determined by SDS-PAGE gel electrophoresis. 

4. The herpes protease of claim 3 further defined as migrating as essentially a single band after 
preparation in a reticulocyte lysate ribosome system, followed by SDS-polyacrylamide gel elec- 
trophoresis and 35 S labeling, said band corresponding to an apparent molecular weight of approxi- 

45 mately 75-85kd. 

5. The herpes protease of claim 4 further identified as comprising an amino acid sequence of approxi- 
mately greater than 306-635 amino acids, and a protease cleavage site located about 18-25 amino 
acids from the carboxyl terminus. 

50 

6. The herpes protease of claim 1 further defined as comprising four domains, said domains designated 
respectively I, II, III and IV, and said domains defined by amino acid sequences included within an 
amino acid sequence characterizing the protease. 

55 7. An amino acid sequence comprising the domains designated II and III of the herpes protease of claim 
6. 

8. The herpes protease of claim 7 wherein the domains designated II and III are further defined as 

35 
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comprising an amino acid sequence extending from approximately position 10 to approximately 
position 306, said positions defined according to the amino acid sequence of the intact protease. 

9. A protein or peptide comprising a proteolytic domain of a herpes protease, said domain including: 

5 (a) a domain of the herpes protease designated II or III, said domain or domains defined by an 

amino acid sequence extending from approximately position 10 to position 306; and 
(b) histidine residues at positions 61 and 148. 

10. A nucleic acid segment capable of coding for the protease of any one of claims 1 through 9. 

10 

11. The nucleic acid segment of claim 10 further identified as including a sequence encoding a domain for 
the family of herpes simplex virus 1 capsid proteins designated ICP35. 

12. The nucleic acid segment of claim 11 wherein the gene coding domain further comprises a segment 
75 between locations designated +832 and +2761, said locations as distanced from the transcription 

initiation site of the U L 26 open reading frame in the herpes genome position designated as +1, said 
gene coding domain also comprising sequences downstream from the Kpnl site ( + 2104) to a poly (A) 
site at position +2138. 

20 13- The nucleic acid segment of claim 12 further defined as comprising an overlapping and 3' coterminal 
first and a second open reading frame, said segment coding for a first and a second protein 
respectively, wherein the first protein has an apparent molecular weight of approximately 75-85kd and 
the second protein has an apparent molecular weight of approximately 40kd-55kd, both molecular 
weights as determined by SDS-polyacrylamide gel electrophoresis, and wherein the first protein 

25 comprises at least a proteolytic module capable of cleaving the first or the second protein. 

14. The nucleic acid segment of claim 13 wherein the length of the coding region for the second protein is 
approximately 990 base pairs. 

30 15. The nucleic acid segment of claim 14 further defined as comprising a promoter sequence for the 
second protein. 

16. The nucleic acid segment of claim 10 further defined as a DNA segment. 

35 17. The nucleic acid segment of claim 10 further defined as comprising a map region essentially as set 
forth in FIG. 1, line 4 or line 5. 

18. The nucleic acid segment of claim 10 further defined as transcribing a mRNA which initiates at 
approximately nucleotide position +1000 as distanced from the herpes U L 26 transcription initiation site 

40 designated ( + 1), said RNA being translated from the methionine initiation codon located at position 
+ 1099 of the U L 26 transcriptional unit. 

19. A nucleic acid segment comprising a nucleotide sequence which corresponds to at least an approxi- 
mately 14 nucleotide base long segment of the DNA sequence of FIG. 1B, said segment capable of 

45 hybridizing to a segment of a herpes serine protease under stringent conditions. 

20. The nucleic acid segment of claim 19 further defined as comprising a nucleotide sequence which 
corresponds to at least an approximately 20 nucleotide base long segment of herpes serine protease 
coding sequence. 

50 

21. The nucleic acid segment of claim 20 further defined as comprising a nucleotide sequence which 
corresponds to at least an approximately 25 nucleotide base long segment of the herpes serine 
protease coding sequence. 

55 22. The nucleic acid segment of claim 21 further defined as comprising a nucleotide sequence which 
corresponds to at least an approximately 30 nucleotide base long segment of the herpes serine 
protease coding sequence. 
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23. A nucleic acid segment comprising a nucleotide sequence which corresponds to at least an approxi- 
mately 14 nucleotide base segment, said segment capable of hybridizing to a nucleic acid segment 
capable of encoding a herpes ICP35 protein of the DNA sequence of FIG. 1B. 

5 24. The nucleic acid segment of claim 23 further defined as comprising at least an approximately 20 
nucleotide base long segment. 

25. The nucleic acid segment of claim 24 further defined as comprising at least an approximately 25 
nucleotide base long segment. 

70 

26. The nucleic acid segment of claim 25 further defined as comprising at least an approximately 30 
nucleotide base long segment. 

27. A nucleic acid segment of the herpes genome having the following properties: 

75 (a) located downstream of the Hpal cleavage site of the U L 26 herpes open reading frame between 

the thymidine kinase gene and the glycoprotein gB gene; 

(b) includes a promoter sequence capable of regulating the nucleic acid coding sequence of the 
family ICP35 herpes capsid proteins; 

(c) includes the nucleic acid coding sequence of the ICP35 herpes capsid family proteins; and 

20 (d) capable of encoding proteins expressed in transfected cells superinfected with HSV-1 or HSV-2. 

28. A purified herpes protein comprising at least a proteolytic module and having the following properties: 

(a) an approximate molecular weight of 75 to 85kd as determined by SDS-polyacrylamide gel 
electrophoresis; 

25 (b) an amino acid domain of approximately 450-635 residues; and 

(c) a protease cleavage site located about 18-25 amino acids from the carboxyl terminal. 

29. The protein of claim 28 further defined as comprising a protein used in producing a herpes virus 
capsid. 

30 

30. A factor which is capable of effecting cleavage of precursor proteins in a trans position to yield the 
protein products designated as herpes capsid family ICP35 e and f. 

31. A recombinant expression vector comprising a nucleic acid sequence encoding a herpes protease 
35 wherein the vector is capable of expressing said protease in a host cell. 

32. The recombinant expression vector of claim 31 wherein the nucleic acid sequence comprises a domain 
designated II of the herpes protease, having histidine residues at positions 61 and 148. 

40 33. Nucleic acid segments functionally equivalent to the segments incorporated in the recombinant 
plasmids designated A-Z and AA-NN according to FIG. 1A. 

34. The nucleic acid segments of claim 33 further defined as operably linked to the non-herpes derived 
components of plasmids A-Z and AA-NN of FIG. 1A or their functional equivalents. 

45 

35. A recombinant vector comprising a nucleic acid segment in accordance with any one of claims 10 
through 27. 

36. The recombinant vector of claim 35 further identified as an expression vector. 

50 

37. The recombinant expression vector of claim 36 further identified as comprising a eukaryotic promoter. 

38. The recombinant expression vector of claim 37, further defined as comprising an a4, U L 26.5 or U L 26 
promoter. 

55 

39. A recombinant host cell comprising a nucleic acid segment in accordance with any one of claims 10- 
27, or a vector in accordance with any one of claims 31-38. 
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40. The host cell of claim 39 further defined as a eukaryotic cell. 

41. The recombinant host cell of claim 40 further defined as capable of expressing at least a proteolytic 
domain of a herpes protease protein or peptide, comprising a promoter and a polyadenylation signal at 

5 position 3* of the carboxyl terminal amino acid of the protein or peptide, said promoter being positioned 
within a transcriptional unit of the encoded protein. 

42. A method of preparing a herpes protease, said method comprising the steps of: 

(a) preparing a nucleic acid segment capable of encoding the protease in accordance with claims 
70 10, 18, 22 or 27; and 

(b) expressing the segment to produce the protease. 

43. The method of claim 42 wherein the segment is transferred into a host cell and the host cell is cultured 
under conditions suitable for expression of the segment. 

75 

44. The method of claim 43 wherein the nucleic acid segment is transferred by transfection or transforma- 
tion of a recombinant vector into the host cell. 

45. The method of claim 42 further comprising isolating and purifying the protein. 

20 

46. A method of synthesizing a herpes protease comprising transcription or translation of nuclei acid 
segments according to claims 10, 18, 22 or 27 in cell a free system. 

47. The method of claim 46 wherein the cell free system comprises a rabbit reticulocyte lysate. 

25 

4a A promoter of approximately 135-168 base pairs in length located within the Hpal-Pstl cleavage sites in 
the first open reading frame of claim 13, and capable of initiating expression of the second protein of 
claim 13. 

30 49. A method of preparing the nucleic acid segment of claims 10, 18, 22 or 27 comprising the following 
steps: 

(a) obtaining nucleic acids from herpes infected cells; 

(b) amplifying a proteolytic site-conserved nucleic acid sequence region of a herpes protein within 
the nucleic acids; 

35 (c) preparing recombinant clones which include said amplified nucleic acid sequences; and 

(d) selecting clones which comprise the desired amplified nucleic acid segments. 

50. A method of cleaving a herpes molecule, said method comprising treating the molecule with the 
protease of claim 1 under conditions effective for cleavage. 

40 

51. A method for detecting the protease of claim 1 or the protein of claim 28 in tissue samples, said 
method comprising the following steps; 

(a) preparing an antibody directed against the protease or the protein; 

(b) labelling the antibody; 

45 (c) contacting the tissue samples with the labelled antibody; and 

(d) detecting the labelled antibody-protein (protease) heteroconjugate. 

52. The method of claim 51 wherein the labelled antibody is further defined as comprising a fluorescent 
label. 

50 

53. A method of detecting a nucleic acid segment in biological samples, said method comprising the 
following steps: 

(a) preparing a nucleotide probe which is capable of hybridizing to the nucleic acid segment 
substantially as set forth in FIG. 1A, line 5 or 6, FIG. 1B, or in claims 10, 18, 22 or 27; 
55 (b) incubating the probe with the biological sample to be tested under selective conditions 

appropriate for the formation of specific hybrids; and 

(c) detecting the formation of specific hybrids between the probe and the nucleic acids of the 
biological sample by detecting a label, the formation of such hybrids being indicative of the 
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presence of the nucleic acid. 

54. A method of treatment for herpes virus infections comprising: 

(a) preparing an effective amount of an inhibitor of the protease of claim 1 , or the protein of claim 28; 
5 (b) combining the inhibitor with a pharmacologically acceptable carrier to form a pharmaceutical 

composition; and 

(c) administering a therapeutic amount of the composition to cells or organisms infected with herpes 
virus. 

io 55. The method of claim 54 wherein the herpes virus comprises herpes simplex virus type I. 

56. A pharmaceutical composition for the treatment of a herpes infection comprising a therapeutically 
effective amount of herpes protease inhibitor in a pharmaceutical^ acceptable carrier. 

75 57. A method for determining the ability of a candidate substance to modify the action of a virus protease, 
said method comprising: 

(a) preparing a virus protease; 

(b) combining the protease with the candidate inhibitor substance in a reaction mixture; 

(c) introducing into the mixture a substrate capable of being cleaved by the protease; and 

20 (d) determining whether the candidate substance has modified the action of the protease on the 

substrate. 

58. The method of claim 57 wherein the virus protease is according to claim 1 . 

25 59. The method of claim 57 wherein the candidate substance comprises chymostatin, diisopropyl, 
fluorophosphate or phenylmethanesulfonyl fluoride. 

60. The method of claim 57 wherein the virus protease is prepared through the application of recombinant 
genetic technology. 

30 

61. The method of claim 60 wherein the virus protease is prepared by: 

(a) preparing an expression vector including at least a nucleic acid sequence encoding for the 
proteolytic domain of the virus protease; 

(b) placing the expression vector in an appropriate host cell under conditions which permit 
35 expression of the coding sequence; and 

(c) collecting the protease from the cell. 

62. The method of claim 57, wherein it is determined whether the candidate substance has exerted an 
inhibitory effect upon the action of the protease on the substrate. 

40 

63. A method of preparing a herpes protease comprising the steps of: 

(a) obtaining a sample which contains herpes virus; 

(b) homogenizing the sample; and 

(c) fractionating the homogenate to obtain a protease fraction. 

45 

64. A nucleic acid segment capable of hybridization with the coding sequence of a herpes protease, said 
hybrid inhibiting transcription of the mRNA from which the protease is translated. 

65. A method for selecting a viral protease comprising the steps of: 

50 (a) preparing an amino acid sequence comprising at least a cleavage site of the protease of claim 1 

or the protein of claim 28; 

(b) obtaining a candidate viral protease; 

(c) contacting the candidate protease with the cleavage - site containing amino acid sequence; and 

(d) determining whether cleavage has occurred. 

55 

66. An inhibitor of the herpes protease of claim 1 . 

67. The inhibitor of claim 66 selected in accordance with the method of claim 57. 
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68. An antibody capable of binding to the herpes protease of claim 1 . 

69. The antibody of claim 67, further identified as capable of at least partially inhibiting or neutralizing the 
proteolytic functions of the protease. 

5 

70. The herpes protease of claim 6, wherein domain IV comprises ICP35. 
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Description 

[0001] The present invention relates to the use of the U L 26 open reading frame gene product of Herpes Simplex 
Virus 1 as a protease. The present invention also relates to methods of determining the ability of a canditate substance 
5 to modify the action of said protease and the use of inhibitors of the protease encoded by the U L 26 open reading frame 
for the manufacture of a medicament for the treatment of a herpes infection. 

Viral Infections Pose Maior Health Problems 

w [0002] Treatment and prevention of viral infections is a major medical goal. To understand the state of the art in 
developing methods of treating and preventing viral infections, it is important to understand the structure and function 
of infectious virus. A virus is a small genetic element that contains either single or double-stranded DNA or RNA and 
can alternate between two distinct states: intracellular and extracellular. A virus is a obligatory intra-cellular parasite that 
cannot reproduce by itself. In effect, the virus takes over the biosynthetic machinery of the host cell and uses it for viral 

is synthesis. Some of the protein products of the viral DNA are special enzymes or inhibitory factors that stop host cell 
metabolism, but most viral-encoded proteins are used in the construction of new virions. Protein synthesis is directed 
by the virus to produce necessary components for its replication and packaging, e.g. the capsid. These components 
must be assembled in an order depending on the virus, and new particles must escape from the cell if they are to infect 
other cells. 

20 [0003] The general steps of the intracellular viral replication (lytic cycle) are: 

1 . attachment of the virus to a host cell (absorption); 

2. penetration of the virus or its nucleic acid into the host cell; 

25 

3. replication of the viral nucleic acid; 

4. production of viral proteins and other essential components; 
30 5. assembly of viral nucleic acid and protein components; and 

6. release of mature virion particles from the host cell. 

[0004] The overall result of the lytic cycle is new virus particles and dead host cells because the virus has appro- 
35 priated the vital forces of the host. In certain types of infection, such as that caused by herpes, there may be a latent 
period wherein the virus resides in the host cell. 

[0005] Elucidation of viral genetic systems opens the door to investigations on the mechanisms of viral infection 
and replication which are not simply of academic interest, but are directed toward detection, prevention, and treatment 
of viral caused diseases. Host resistance to viral infection may occur through absence of a viral-receptor site to prevent 
40 attachment of the virus to the host cell; destruction of the viral nucleic acids after they are injected into the host cell, for 
example, by cleavage of viral nucleic acids by host enzymes; inhibition of essential viral protein synthesis; or destruction 
of viral proteins after their formation in the host cell. 

[0006] Development of antiviral drugs to supplement natural resistance is a major commercial objective whose goal 
is to counteract the devastating effects of many viral infections on humans. Unfortunately, treatments available to date 
45 are inadequate for most types of virus. For example, interferons are cellular antiviral substances, low molecular weight 
proteins, that prevent viral multiplication. However, interferons tend to be host specific, not viral specific, and have no 
effect on host cells already infected. Also, they can be toxic at high concentrations. 

[0007] The target of antiviral drugs may be enzymes uniquely specified by the virus. For example, a major target for 
attack on HIV infections which cause AIDS, is the enzyme reverse transcriptase. Inhibiting this enzyme effects blockage 

so of viral replication. Unfortunately, resistance develops to these drugs, e.g. to AZT, and is a major limitation of such treat- 
ment. The anti-herpes simplex virus drugs currently on the market are directed against enzymes which synthesize viral 
DNA (e.g. acyclovir). Because of emergence of resistance to these drugs, there is considerable interest in new targets. 
[0008] Production of viral proteins is of particular interest as a stage where the virus may be attacked. In the extra- 
cellular or infectious state, the basic structure of viruses consists of a nucleic acid core surrounded by proteins 

55 {nucleocapsid). Some viruses also have an envelope that is external to the nucleocapsid, and contains lipids and pro- 
tein. The protein coat is called the capsid. Many different proteins may constitute the capsid, depending on the virus. 
Some viruses encode 3-10 proteins, others more than 200. Virus particles are called virions; their role is to protect the 
viral nucleic acid when transferred from the cell in which it replicated to a new host cell. After transfer to the host cells, 
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the viral intracellular state begins, and replication of the virus is potentiated. A number of non-herpes viruses appear to 
express proteases with cleavage site specificity which are potential targets for therapeutic intervention. However, no 
such protease has previously been identified for the herpes virus, a particularly widespread infectious agent for which 
treatment and prevention methods are grossly inadequate. 

5 

The Heroes Family 

[0009] The family of herpes virus includes animal viruses of great clinical interest because they are the causative 
agents of many diseases. Epstein-Barr virus has been implicated in cancer initiation; cytomegalovirus is the greatest 

10 infectious threat to AIDS patients; and Varicella Zoster Virus, is of great concern in certain parts of the world where 
chicken pox and shingles are serious health problems. A worldwide increase in the incidence of sexually transmitted 
herpes simplex (HSV) infection has occurred in the past decade, accompanied by an increase in neonatal herpes. Con- 
tact with active ulcerative lesions or asymptomatically excreting patients can result in transmission of the infective 
agent. Transmission is by exposure to virus at mucosal surfaces and abraded skin, which permit the entry of virus and 

is the initiation of viral replication in cells of the epidermis and dermis. In addition to clinically apparent lesions, latent infec- 
tions may persist, in particular in nerve cells. Various stimuli may cause reactivation of the HSV infection. Consequently, 
this is a difficult infection to eradicate. This scourge has largely gone unchecked due to the inadequacies of treatment 
modalities. 

20 Herpes Simplex Virus (HSV) 

[001 0] Herpes simplex viruses subtypes 1 and 2 (HSV-1 , HSV-2), are herpes viruses that are among the most com- 
mon infectious agents encountered by humans (Corey and Spear, 1986; Whitley, 1990). These viruses cause a broad 
spectrum of diseases which range from relatively insignificant and nuisance infections such as recurrent herpes simplex 

25 labialis, to severe and life-threatening diseases such as herpes simplex encephalitis (HSE) of older children and adults, 
or the disseminated infections of neonates. Clinical outcome of herpes infections is dependent upon early diagnosis 
and prompt initiation of antiviral therapy. However, despite some successful therapy, dermal and epidermal lesions 
recur, and HSV infections of neonates and infections of the brain are associated with high morbidity and mortality. Ear- 
lier diagnosis than is currently possible would improve therapeutic success. In addition, improved treatments are des- 

30 perately needed. 

[001 1 ] Extrinsic assistance has been provided to infected cells, in particular, in the form of chemicals. For example, 
chemical inhibition of herpes viral replication has been effected by a variety of nucleoside analogues such as 5-fluoro- 
deoxyuridine (FUDR), 5-iododeoxyuridine, 5-iododeoxyuridine, thymine arabinoside, and the like. 
[0012] Some protection has been provided in experimental animal models by polyspecrfic or monospecific anti- 
35 HSV antibodies, HSV-primed lymphocytes, and cloned T cells to specific viral antigens (Corey and Spear, 1986). How- 
ever, no satisfactory treatment has been found. 

[001 3] Proteases have not been identified in the herpes viruses, but there is some knowledge of the biology of the 
herpes virus family. Herpes viruses are double stranded DNA viruses that replicate in host cell nuclei. The herpes virion 
is constituted from over 30 different proteins which are assembled within the host cell. About 6-8 are used in the capsid. 

40 The preferred host cells for herpes viruses are vertebrate cells. 

[0014] The herpes simplex virus 1 (HSV-1) genome specifies an abundant capsid protein complex which in dena- 
turing gels forms multiple bands due to different molecular weights of the component proteins. Some preliminary iden- 
tification of these proteins has been reported. A set of herpes simplex virus 1 (HSV-1) capsid proteins was reported by 
Gibson and Roizman (1972, 1974). A genetically and immunologically related family of viral capsid proteins identified 

45 by their migration bands in denaturing gels has been designated infected-cell proteins 35(ICP35). (Braun et al., 1983, 
1984) At least four major and a number of minor bands in one-dimensional denaturing polyacrylamide gels, and numer- 
ous spots in two-dimensional gels, have been reported. 

[0015] Braun et al. (1984) using a panel of monoclonal antibodies exemplified by H745 reported that ICP35 pro- 
teins are processed post-translationally into at least 6 species (ICP35a,b,c,d,e,f) differing in electrophoretic mobility on 

so SDS polyacrylamide gels. Although characterized by different molecular weights, this group of virus polypeptides are 
detected by the same monoclonal antibodies and are coded by a region in the HSV-1 genome. Empty capsids do not 
contain these polypeptides. A set of proteins possibly analogous to ICP35 was reported by Preston et al. (1983). 
[0016] Nucleotide sequencing has been performed on the HSV-1 genome, and attempts, generally unsuccessful, 
have been made to correlate various capsid proteins to sequences of the genome. For example, it has been proposed 

55 that the ICP35 proteins are encoded by the open reading frame designated U L 26 (McGeoch, et al., 1988). In the 
present invention it is shown that this prediction was incorrect or at least incomplete. Crude mapping of the region 
encoding ICP35 was attempted by Braun et al. (1984) on the basis of the analysis of HSV-1 x HSV-2 intertypic recom- 
binants. These authors proposed that ICP35 is encoded by a region located between the genes specifying thymidine 
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kinase (U L 23) and glycoprotein B (U L 27). This is not a very specific prediction because it covers an area now known to 
include four genes. 

[001 7] The present invention resulted from a successful search for a new virus target for therapy. The search began 
by choice of the HSV-1 ICP35 protein family as a substrate. A protease target for antiviral chemotherapy, in particular, 
5 as applied to herpes virus infections, was identified in this fashion. Methods of preparing and detecting the protease, 
methods for selecting inhibitors of the protease, as well as detection and treatment protocols based on inhibiting the 
protease, are also disclosed. The finding of similarity between the gene for the herpes protease in HSV-1 and that in 
human cytomegalovirus indicates that the disclosure is broad applicable to all herpesvirus, including HSV, CMV, EBV 
and VZV. 

10 [0018] There is disclosed the identification, purification and manipulation of viral proteases for the development of 
methodology and compositions for the treatment and prevention of viral infections. The disclosed proteases may be fur- 
ther defined as serine proteases with the properties expected of this category of protease. A serine protease is an 
enzyme which catalyzes the hydrolysis of peptide bonds, and typically have a serine residue at the active site. (White, 
Handler and Smith, 1973). Serine proteases also typically include an arrangement of a triad of catalytic residues, that 

is are somewhat removed from one another in the linear arrangement of amino acids, but brought together as a "proteo- 
lytic cleft" in the properly folded protease. Various difference have been observed in this catalytic triad from protease to 
protease. For example, in both trypsin and subtilisin serine proteases, Asp, His, and Ser are the amino acids of the cat- 
alytic triad. However, in trypsin-like serine proteases, they are arranged His, Asp, Ser, whereas subtilisin-like proteases 
are arranged Asp, His, Ser. There are also differences in the relative spacing of these key residues. In addition, there 

20 are other evolutionary conserved features of these proteases which allow them to be identified as serine proteases 
and subsequently classified. The presence of-the catalytically important Asp, His, and Ser residues are the crucial tests ; 
however, for membership and classification in the serine proteases. 

[001 9] The proteases appear to be essential for development of the capsid of the virus. Consequently, inhibiting the 
protease action will lead to disruption of the lytic cycle of the virus. Obviously, such proteases are optimal targets for 

25 antiviral therapy. In particular, the target is useful for attacks on the herpes virus for which no protease has heretofore 
been reported. The present disclosure relates more particularly to the identification, purification, and manipulation of 
herpes serine proteases, and to the use of inhibitors of the proteases to detect and treat herpes infections. 
[0020] In an illustrative embodiment, a protease has been purified from HSV-1 , a subtype of the herpes simplex 
virus. The apparent molecular weight of this protease as determined by SDS-polyacrylamide PAGE gel electrophoresis 

30 is approximately 75-85kd, generally about 80kd. The herpes protease is further characterized as having an amino acid 
sequence of approximately 450-635 amino acids. However, these ranges are flexible. For example, the 635 amino acid 
sequence may have at least 329 amino acids removed from its carboxyl end and still maintain its serine protease activ- 
ity. In the 635 amino acid embodiment the protease cleavage site is located at a position about 18-25 amino acids from 
the carboxyl terminus, preferably about 20 amino acid from the carboxyl terminus. The proteases are obtained either 

35 from cells injected with HSV-1 and 2, cells transfected with a DNA sequence encoding the protease, or in purified form 
by being synthesized in vitro or in cell free systems, using a reticulocyte lysate, for example, from a rabbit. After synthe- 
sis of the protein, the protein will migrate as a single band on a denaturing gel and is readily detected with 35 S labelled 
methionine. After about 5 hours of protein synthesis, two bands will result. As demonstrated in subsequent sections, the 
second band is a self -cleavage product of the first. 

40 [0021] Characteristics of this protease include: (i) it contains four domains, several of which are not required for its 
catalytic activity and (ii) the active site is near the amino terminus of the protease. Mutations involving amino acid sub- 
stitutions, deletions, insertion of stop codons or of 20 amino acid stretches into the protease have delineated the dis- 
pensable domains No. I and No. IV at the amino and carboxyl domains of the gene. The essential carboxyl-proximal 
domain of No. Ill can be separated from the essential amino proximal domain of No. II by at least 20 amino acids and 

45 the protease will remain functional. 

[0022] The amino proximal domain is the most conserved region among Varicella-zoster virus and human cytome- 
galovirus homologues of U L 26. Of the conserved aspartic acid, histidine, or serine amino acid codons tested in this 
domain, only the histidine residues 61 and 148 could not be replaced without impairment of the proteolytic activity of 
the protease. Three dimensional crystal structure analyses may provide further insight into the structure of the active 

so sites (Skalka, 1989). 

[0023] The present disclosure also relates to nucleic acid segments which are capable of coding for the herpes pro- 
teases described herein. In an illustrative embodiment, extensive manipulation of nucleic acid sequences within the 
HSV-1 genome has revealed the secrets of viral mechanisms and allowed isolation and purification of useful nucleic 
acid segments and their expression products. Examples of such manipulation include incorporation of selected seg- 
55 ments of the nucleic acid sequence with appropriate promoters and tracers into plasmids to determine the actions and 
interactions of the genetic regions, their expression products, and mechanisms of control over their expression. 
[0024] Also disclosed is the coding domain in the nucleic acid segment for the family of herpes simplex virus 1 cap- 
sid proteins designated ICP35. This newly defined coding region has been designated U L 26.5. In an illustrative embod- 
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iment of the coding sequence for ICP35 proteins, the segment has been demarcated by the restriction endonuclease 
cleavage sites Hpa-l and Pst-L These two cleavage sites are located at map positions +832 and +2761. These map 
locations are defined as distances from the transcription initiation site of the U L 26 open reading frame in the HSV-1 
genome. This position has been designated +1. The gene coding for the ICP35 proteins also comprises those 
sequences that are downstream from the Kpnl site which is at map position +2104, and continue all the way to a poly 
A site at position +2138. 

[0025] The nucleic acid segments in the present disclosure are further defined as having overlapping open reading 
frames for the protease and the ICP35 proteins (FIG. 2). These overlapping segments are "S'co-terminal." The first seg- 
ment, the longer of the two, codes for a first protein. This first protein has a molecular weight of approximately 75-85kd. 
The second open reading frame, the smaller of the two overlapping open reading frame sequences encodes a second 
protein that has an apparent approximate molecular weight of 40-55kd as determined by SDS polyacrylamide gel elec- 
trophoresis, preferably 45kd. The first protein is defined to encode a proteolytic module which is capable of cleaving an 
amino acid sequence in accordance with serine protease action. The substrate capable of being cleaved may be either 
the protease sequence itself that is encoded by the U L 26 gene, or the ICP35 precursor proteins, which have previously 
been designated ICD35 c, d based on migration in one and two dimensional gels. Insertion of a 20 amino acid epitope 
does not preclude cleavage. 

[0026] A nucleic acid segment, either DNA or RNA, coding for the second protein includes approximately 990 base 
pairs in an HSV-1 embodiment. In certain applications, the segment encoded need include only the sequences which 
upon cleavage will yield ICP35 e and f. In other applications, only the cleavage site per se may be desired to be 
encoded, for example in the candidate inhibitor assay described subsequently. In an exemplary embodiment, the 
nucleic acid segment includes those segments essentially as set forth in FIG. 1 A, line 5, of the present specification, or 
its functional equivalent. 

[0027] As used herein, functional equivalents are intended to refer to those enzymes, and their encoding nucleic 
acid sequences, in which certain structural changes have been made but which nonetheless are, or encode, catalyti- 
cally active proteases capable of cleaving ICP35. It is generally known in the art that modifications and/or changes may 
be made in the structure of proteins and still obtain a molecule having like or otherwise desirable characteristics. Thus, 
certain amino acids may be substituted for other amino acids in a protein structure without appreciable loss of interac- 
tive binding capacity with, for example, substrate molecules or specific antibodies. Since it is the interactive capacity 
and nature of a protein that defines that protein's biological functional activity, certain amino acid sequence substitu- 
tions can be made in a protein sequence (or, of course, its underlying DNA coding sequence) and nevertheless obtain 
a protein with like properties. It is thus contemplated by the inventors that various changes may be made in the herpes 
protease DNA or protein sequences without appreciable loss of their biological utility or activity. 
[0028] In making such changes, the hydropathic index of amino acids may be considered. The importance of the 
hydropathic amino acid index, i.e. hydrophobicity and charge characteristics, in conferring interactive biologic function 
on a protein is generally understood in the art (Kyte et al., 1982). For example, it is known that certain amino acids may 
be substituted for other amino acids having a comparable hydropathic index or score, e.g. generally +/- 1 , and still retain 
a similar biological activity. The relative hydropathic character of the amino acid is believed to determine the secondary 
structure of the resultant protein, which in turn defines the interaction of the protein with substrate molecules. Thus, for 
example, it is proposed the isoleucine, which has a hydrophatic index of +4.5, can be substituted for valine (+4.2) or leu- 
cine (+3.8), and still obtain a protein having similar biologic activity. Alternatively, at the other end of the scale, it is pro- 
posed that lysine (-3.9) can be substituted for arginine (-4.5), and so on. 

[0029] Amino acid substitutions are generally therefore based on the relative similarity of the side-chain substitu- 
ents, for example, size, electrophilic character, charge, and the like. Exemplary substitutions which take various of the 
foregoing characteristics into consideration are well known to those of skill in the art and include, for example: alanine, 
glycine and serine; arginine and lysine; glutamate and aspartate; serine and threonine; and valine, leucine and isoleu- 
cine. 

[0030] Nucleic acid sequences of the present disclosure are also useful as hybridization probes, which will in turn 
have a number of applications. Hybridization probes may be employed, e.g., to select mutant gene clones from libraries, 
in the preparation of antisense molecules (e.g., stabilized antisense RNA molecules), as PCR primers and probes, to 
name just a few of many applications that involve hybridization as applied to (or in addition to) protein encoding capa- 
bility. Of course, useful hybridization probes may be prepared in virtually any length, depending on the intended appli- 
cation and hybridization conditions. For example, probes as small as 10 to 14 nucleotides in length can nevertheless 
be expected to form a stable hybrid with a template molecule, so long as the hybridization conditions are appropriate 
for the degree of sequence homology between the probe and the template. Similarly, molecules ranging in length up to 
that sufficient to encode a gene, or even multiple genes, may be employed as hybridization probes. 
[0031] In any event, in preferred embodiments nucleic acid molecules useful as hybridization probes or primers, 
may range in size from, e.g., 10-14 to 20, 30, 40 or 50 or so nucleotides, up to 100, 200, 500 or even 1000 or 2000 
nucleotides in length, depending on the intended application and hybridization conditions. 
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[0032] Thus, nucleic acid segments may include a sequence either smaller or larger than those illustrated in FIG. 
1, for example, it may correspond to an approximately 14 nucleotide base pair long region which is capable of hybridiz- 
ing to the nucleic acid segments of FIG. 1 under stringent conditions. Small segments such as this may be used as 
probes to detect the presence of the protease coding region. 

5 [0033] A nucleic acid segment may also be a mRNA sequence for the protease or the ICP35 proteins. The mRNA 
for the latter is transcribed at approximate nucleotide position +1 000 (a designated distance from the herpes U L 26 tran- 
scription initiation site which is designated +1) to position +2138. An mRNA is translated from the methionine initiation 
codon which is located at +1099. Smaller or larger segments are also contemplated depending on the use to which the 
segment is employed. These mRNA segments are useful to synthesize the ICP35 cleavage site. 

10 [0034] Various nucleic acid segments within the herpes genome have been isolated and cloned. A nucleic acid seg- 
ment coding for a herpes protease may be obtained from the herpes genome from a region corresponding to map loca- 
tions of the U L 26 herpes open reading frame. A smaller segment contained within the protease coding segment lies 
between the thymidine kinase gene and glycoprotein gB gene and includes a DNA sequence from position +832 to 
+2138. This coding sequence not only may be expressed as the ICP35 herpes capsid family proteins, but includes a 

is promoter sequence for regulating the ICP35 coding sequence. 

[0035] The ICP35 promoter has been isolated and shown to be an extremely active promoter, as is evidenced by 
the observation that increased numbers of copies of the substrate are produced by the ICP35 encoding unit compared 
to the production of the protease from the longer U L 26 open reading frame. It includes between 1 35 and 1 68 base pairs 
and maps between position +832 and +1000 in the first open reading frame of U L 26 This promoter region is capable of 

20 initiating expression of the ICP35 proteins. It is also useful in driving expression at an increased rate of other nucleic 
acid.seauences. fbr.exemDle heroessimDlexaenesLUS arxLU.JO. 

, - - - . - I"" I" - - -- - ~ |_ 

[0036] Isolation and manipulation of the coding sequence for the ICP35 proteins was an important achievement 
because these proteins are used in construction of the herpes virus capsid. To become functional members of the cap- 
sid, the 1CP35 protein precursor ICP35 c, d must be cleaved by the herpes protease produced by the U L 26 coding 
25 sequence, to yield e and f. This protease is capable of effecting cleavage of the precursor proteins even when both 
genes encoding for the protease and the precursor are in a trans position. 

[0037] The nucleic acid segments that carry coding sequences may be carried in a recombinant expression vector 
capable of expressing encoded virus serine proteases. Examples of such nucleic acid segments are those shown for 
the herpes virus, HSV-1 in FIG. 1 A designated as A-Z, AA-NN of the present specification. These nucleic acid seg- 

30 ments or their functional equivalents may be operably linked, optionally, to selected promoter and/or control elements, 
as well as to other elements such as a termination site, a poly-A addition site and to other elements, as appropriate 
(see, e.g., plasmids A-Z, AA-NN). These components may include promoters such as those capable of controlling the 
herpes a4, the ICP35 genes or virtually any other promoter capable of driving expression in the selective host cell. The 
recombinant expression vectors may comprise as a promoter either a eukaryotic or prokaryotic promoter, and may 

35 include a polyadenylation signal at position 3* of the carboxyl terminal amino acid. The promoter may be within a tran- 
scriptional unit of the encoded protein. Vectors may also include markers which have been used for the analysis pre- 
sented herein. Examples of host cells are BHK cells, Vero, E. coli or other eukaryotic or prokaryotic cells known to those 
of skill in the art to permit expression of transferred vectors according to the present invention. 
[0038] There are further disclosed methods of preparing a herpes protease. An embodiment of such methods 

40 includes the following steps: 

(1) Preparing a nucleic acid segment which encodes the herpes protease; and 

(2) Allowing the segment to be expressed in order to produce the protein. 

45 

[0039] In an illustrative embodiment the method of preparing a protease includes use of a host cell into which the 
nucleic acid segment has been transferred. The host cell is cultured under conditions suitable for expression and the 
protein is thereby expressed. The method may also include a step wherein the protein is isolated and purified by meth- 
ods well known to those skilled in the art. The degree of purification required will depend on the application for which 

so the protein is intended. Alternatively, the nucleic acid segment may be expressed in a cell free system, such as a rabbit 
reticulocyte lysate, or synthesized by an automated protein synthesizer as referenced herein. 
[0040] A nucleic acid segment which codes for the herpes protease or for the ICP35 proteins may be prepared by 
obtaining viral genomic DNA from cells which are infected with herpes, amplifying the proteolytic site containing nucleic 
acid sequence region within the nucleic acid of interest, and preparing recombinant clones which include such amplified 

55 nucleic acid sequences. The clones may be then selected to contain the desired amplified nucleic acid segments by 
employing monoclonal antibodies directed to at least the region coding for the proteolytic domain of the protease or the 
cleavage site of the ICP35 protein to screen such clones. Other cloning and clone screening techniques well known to 
those of skill in the art are also suitable (Sambrook et al., 1989). 
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[0041] There is also disclosed a method for cleaving a herpes molecule which includes the steps of treating the 
molecule with the protease under conditions effective for cleavage. Such conditions are those in which serine proteases 
generally operate. 

[0042] In an exemplary embodiment, methods for detecting the herpes protease in tissue samples consist of pre- 
5 paring antibodies directed against the protease, labelling these antibodies, contacting tissue samples with the labelled 
antibody, and detecting the labelled antibody protein heteroconjugate by standard techniques well known to those of 
skill in the art. These labels may be fluorescent labels or radioactive labels. 

[0043] One of the methods for detecting the nucleic acid segments in biological samples is to prepare a nucleotide 
probe that is capable of hybridizing to a nucleic acid segment substantially as set forth in FIG. 1 , either line 5 or 6, or as 

10 disclosed in other areas of the specification herein as coding for a herpes protease or the ICP35 proteins. The nucle- 
otide probe may be labelled. The probe is then incubated with the biological sample to be tested, under selective con- 
ditions appropriate for the formation of specific hybrids. The specific hybrids formed between the probes and the nucleic 
acids of the biological sample are then detected by a variety of methods well known by those skilled in the art, for exam- 
ple, by detecting a radioactive label on the probe. The formation of such hybrids is indicative of the presence of the 

is nucleic acid segment that was sought initially. 

[0044] A method for treatment of viral infections makes use of the target proteases disclosed herein which are vital 
to the viral life cycle. An example of such a method comprises preparing an effective mount of an inhibitor of the pro- 
tease. The amount will depend on the route of treatment. The route may be topical creams, ointments or sprays applied 
directly to the skin, or intravenous injection for systemic infections. The inhibitor is contemplated to be combined with a 

20 pharmacologically acceptable carrier which would be appropriate for use in humans depending on the route of applica- 
tion. Finally a therapeutic amount of the inhibitor is determined such that the herpes virus itself is inhibited from repro- 
ducing, but the host cells are not destroyed. The method of treatment disclosed herein is particularly applicable to the 
herpes virus simplex subtypes 1 or 2, but will be generally applicable to the herpes family, members of which are known 
to have extensive DNA homologies. Because of extensive sequence homologies to HSV-1 U L 26 in other organisms, 

25 e.g. cytomegalovirus (U L 80), Varicella-zoster virus (ORF33), Epstein-Barr virus, these treatment strategies are likely to 
be broadly applicable to all herpesvirus. 

[0045] This inhibition may be either at the level of transcription, translation, or protein action. Interference with tran- 
scription would necessitate interfering with mRNA formation on a DNA template. Interference with translation would 
necessitate interfering with the synthesis of proteins on the mRNA template. Alternatively, the action of the protease 

30 may itself be disrupted either by destroying the structure of the protease, in particular its proteolytic domain, altering the 
cleavage site of it substrate, or by providing a false substrate which inactivates the protease. Another form of inhibitor 
comprises a nucleic acid segment which is capable of hybridizing with the coding sequence of a herpes protease, but 
forms a hybrid which inhibits transcription of the mRNA from which the protease would be translated. 
[0046] There are several inhibitors that appear to be suitable for purposes of this invention. It has been found that 

35 chymostatin and diisopropyl fluorophosphate provide 100% inhibition of the protease in an in vitro assay. Phenylmeth- 
ansulfonyl fluoride provides at least 50% inhibition, this reduction is due to the instability of the inhibitor over time. The 
results of studies with a variety of protease inhibitors showed that the U L 26 protease was inhibited by serine protease 
inhibitors but not by cysteine, aspartic acid or metalloprotease inhibitors. Other contemplated inhibitors include antipain, 
aprotinin, leupeptin, (4-amino-phenyl)-methane sulfonyl fluoride, and any other serine protease inhibitors that tests pos- 

40 itive in the candidate screening assay described herein. In particular embodiments, non-toxic derivatives of the inhibi- 
tors disclosed herein are contemplated. 

[0047] In order to determine still other inhibitors the candidate substances of interest are screened by preparing a 
virus protease, combining the protease with the candidate inhibitor substance, and selecting a substrate capable of 
being cleaved by the protease. The assay is conducted by contacting the substrate with the protease-candidate sub- 

45 stance combination, and determining whether the candidate substance has inhibited the action of the protease on the 
substrate. In an illustrative embodiment, the virus protease used to test for a candidate substance is the purified herpes 
protease synthesized in vitro in a rabbit reticulocyte lysate by methods disclosed in the present specification. 
[0048] The protease is combined with the candidate inhibitor substance either in a laboratory in vitro assay or in a 
test organism. The substrate selected which is capable of being cleaved by the protease, may be the protease itself, or 

so at least the cleavage site of the ICP35 protein precursor c, d. After contacting the substrate with a protease and the can- 
didate inhibitor substance it can be determined whether the substance has inhibited the action of the protease on the 
substrate by determining whether cleavage of the substrate has taken place. In one embodiment this may be deter- 
min d by seeing if the ICP35 c, d proteins have produced ICP35 subunits e and f as determined by SDS gel electro- 
phoresis, which are only formed by cleavage of c, d by the protease. If the proteins have not been cleaved, the inference 

55 is that the candidate substance indeed inhibits the virus protease. This inhibitor may then be used in therapeutic trials. 
[0049] The virus protease used in the candidate inhibitor substance assay may be prepared through the application 
of genetic recombinant technology, wherein, for example, an expression vector includes at least the proteolytic module 
of the protease. The expression vector is then transferred into an appropriate host cell under conditions which permit 
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expression of the coding sequence. After the sequence has been expressed in the form of a protease or protease seg- 
ment, the protease may be collected from the cell and further purified if required, by methods well known to those of 
skill in the art. 

[0050] An alternative method of preparing the herpes protease is to obtain a sample which contains the protease, 
for example a herpes infected tissue segment or exudate. The sample is then homogenized and fractionated to obtain 
a protease fraction. The protease fraction may be then further isolated and purified by methods known to those of skill 
in the art depending upon the particular application. 

[0051] There is also disclosed a method for selecting a serine protease with functions equivalent to those disclosed 
herein in different species of herpes, other non-herpes virus or, indeed, any organism. To select the protease, an amino 
acid sequence comprising at least the cleavage site of the protease disclosed in the present specification is prepared. 
The candidate viral protease is then contacted with the cleavage site containing the amino acid sequence which is sus- 
ceptible to cleavage by a viral serine protease. Finally a determination is made whether cleavage has occurred by using 
the ICP35 substrate and determining whether ICP35 c, d has been altered to e and f. By these methods, it has been 
shown that the HSV-2 protease is capable of cleaving ICP35 c, d to e and f. 

[0052] The methods and compositions disclosed have made it possible to identify essential serine proteases in 
other species. The methods of the present invention are generally applicable, only the source genome will change. It is 
expected that these serine proteases are encoded by conservative segments and are widespread. For the herpes 
viruses, four of the six viral DNA sequences (HSV-1, EBV, VZV, CMV) are reported and have been entered into a com- 
puter data base available to those of skill in the art. Homologies in amino acid sequences and function are expected 
based on the conservative nature of serine proteases, and homologies detected previously among related species, e.g. 
the herpes family, (Davison et al., 1986; McGeoch et al. P 1988) Thus, it is predictable that U L 26 of HSV-1, BVRF2 of 
EBV, U L 80 of CMV, Gene 33 of VZV play the same or similar role in the maturation of capsid and encode a protease. 
Because extensive sequence homology was found between these presumptive proteases and HSV-1 U L 26, it is 
believed that the action or cleavage mechanism of these protease is the same as the HSV-1 U L 26. Thus, it is not sur- 
prising that the present invention including inhibitor described have against herpes simplex virus (HSV-1 and HSV-2) 
and can be applicable to the treatment of other herpes viruses (EBV, VZV, CMV and human herpes virus 6). 
[0053] As an indication that the disclosed serine proteases will not be confined to the herpes family, there are 
reports of capsid assembly in other microbes. Bacteriophage T 4 and lambda are most commonly studied for capsid 
assembly. In these phages, first a preformed capsid is assembled by interaction of outer coat protein and inner scaffold- 
ing protein. Then, the scaffolding protein is cleaved by a phage-encoded protease and removed from the capsid. At the 
same time, the phage DNA is packaged into the capsid to give rise to mature capsid. The cleavage of scaffolding protein 
is essential to produce mature capsid. Recently, cryo-electromicroscopy studies revealed the similarity of the capsid 
structure between HSV and lambda phage. The sequence of human CMV strain AD169 has been determined, and a 
gene analogous to HSV UL26 has been identified. ICP35 has been proposed to function as a scaffolding or assembly 
protein in the process of HSV capsid maturation. The cleavage of ICP35 by the proteases of the present invention is 
required for the capsid maturation and is essential for the replication of the virus. The proteases disclosed herein func- 
tion as a counterpart to those of phages which cleave the ICP 35 protein to initiate DNA packaging. Therefore, the can- 
didate protease inhibitor assays and methods of treatment disclosed herein have wide applicability than to only the 
herpes family. 

[0054] A domain refers to a portion or region of a protein defined as an amino acid sequence within a polypeptide 
or protein, in the present case a domain is defined functionally by the effect of amino acid deletions or substitutions in 
a sequence on the function or substitution of the protein. 

[0055] Downstream refers to nucleic acid sequences found in a 3' direction from a given point of reference along a 
nucleic acid molecule. 

[0056] An epitope is an amino acid sequence which is an antigenic determinant. 

[0057] An open reading frame (ORF) contains a series of triplets coding for amino acids without any termination 
codons. Sequences of this type are potentially translatable into a protein. 

[0058] Substantially purified in reference to DNA refers to DNA segments isolated free of their natural state as they 
may be present in the genome of an organism, and is intended to include segments as they would exist upon genetic 
engineering.e.g. by insertion into a recombinant vector. 

[0059] A transcriptional unit is the distance between sites of initiation and termination by RNA polymerase. 
[0060] Upstream refers to nucleic acid sequences found in a 5' direction from a given point of reference along a 
nucleic acid molecule. 

[0061] A viral protease is an enzyme capable of cleaving viral precursor proteins at a specific site. 

HSV herpes simplex virus 
CMV cytomegalovirus 
ORF open reading frame 
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ICP infected cellular polypeptide 

DFP diisopropyl fluorophosphate 

TPCK L-1 -tosylamido-2-phenylethyl chloromethyl ketone 

TLCK /V-ot-p-tosyl-L-lysine chloromethyl ketone 

PMSF phenylmethylsulfonyl fluoride 

EGTA ethyleneglycol-bis (0-aminoethyl ether) N, N, N\ N'tetraacetic acid. 

FIG. 1 A. Sequence arrangement of the HSV-1 genome, the positions of U L 26 and U L 26.5 open reading frames and 
their transcripts, and the structure of the test plasmids constructed for use in the present invention. 

FIG. 1 B. Nucleotide and amino acid sequence of the U L 26 open reading frame. The +1 site corresponds to the 
translational initiation site of U L 26 open reading frame. 

FIG. 2. A schematic representation of the relationship among the HSV-1 genomic DNA, the U L 26 and U L 26.5 open 
reading frames (ORF), and the translational and post-translational products of this genetic system. 

FIG. 3. Autoradiographic image of DNA probe 1 (A) and probe 2 (B) hybridized to total cytoplasmic RNAfrom mock- 
infected and 12-hr-infected Vero cells and digested with S1 nuclease. 

FIG. 4. Photograph of polypeptides from lysates of cells transfected with plasmid constructs and superinfected with 
virus, electrophoretically separated in polyacrylamide gels, electrically transferred to a nitrocellulose sheet, reacted 
with goat monoclonal antibody H725 (HSV Ab) against HSV-1 ICP35. 

FIG. 5. Photograph of polypeptides fromy lysates of cells transfected with plasmid constructs and superinfected 
with virus, electrophoretically separated in polyacrylamide gels, electrically transferred to nitrocellulose sheets, and 
reacted with monoclonal antibody H725 (HSV Ab) or CH28-2 (CMV Ab). 

FIG. 6. Photograph of polypeptides from lysates of cells transfected with plasmid constructs and superinfected with 
HSV-1, electrophoretically separated in polyacrylamide gels, electrically transferred to nitrocellulose sheets, and 
reacted with monoclonal antibody H725 (HSV Ab) or CH28-2 (CMV Ab). 

FIG. 7. Autoradiographic images and photograph of polypeptides from lysates of cells transfected with plasmid con- 
structs and superinfected with virus, electrophoretically separated in polyacrylamide gels, electrically transferred to 
nitrocellulose sheets, and reacted with monoclonal antibody H725 (HSV Ab) or CH28-2 (CMV Ab). 

FIG. 8. Autoradiographic image of the 35 S-methionine labeled polypeptides translated in a nuclease-treated rabbit 
reticulocyte lysate and electrophoretically separated in a 9.5% denaturing polyacrylamide gel. FIG. 9. Photograph 
of electrophoretically separated polypeptides from cells transfected with plasmid constructs and superinfected with 
HSV-1 (F) either at 34°C (34°) or at 39°C (39°), electrophoretically separated in polyacrylamide gels, electrically 
transferred to a nitrocellulose sheet and reacted with monoclonal antibody H725 to HSV-1 ICP35 (HSV Ab) and 
stained with goat anti-mouse IgG antibody coupled to peroxidase. 

FIG. 10. Photograph of electrophoretically separated polypeptides from cells transfected with plasmids and either 
mock-infected or superinfected with HSV-1 (F) (HSV-1) either at 34°C, at 39°C, or at 37°C, electrophoretically sep- 
arated in polyacrylamide gels, electrically transferred to a nitrocellulose sheet, reacted with monoclonal antibody 
H725 (HSV Ab) or CH28-2 (CMV Ab) and stained with goat anti-mouse IgG antibody coupled to peroxidase. 

FIG. 1 1 . Photograph of polypeptides from cells transfected with plasmids and either mock-infected or superinfected 
with HSV-1 (F) (HSV-1) or HSV-2(G) (HSV-2) either at 34°C, at 39°C, or at 37°C, electrophoretically separated in 
denaturing polyacrylamide gels, electrically transferred to a nitrocellulose sheet, reacted with monoclonal antibody 
H725 (HSV-Ab) or CH28-2 (CMV Ab) and stained with goat anti-mouse IgG antibody coupled with peroxidase. 

FIG. 12. Autoradiographic image of 35 S-methionine labeled polypeptides encoded by the U L 26 open reading frame 
electrophoretically separated in a denaturing polyacrylamide gel. 

FIG. 13. Autoradiographic images and photograph of polypeptides either synthesized in vitro from sequences 
encoded in plasmids U or Y or contained in lysates of cells transfected with plasmids X or Z and superinfected with 
HSV-1 (F) or HSV-1 (G). 
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FIG. 14. Autoradiographic image of 35 S-methionine labeled polypeptides encoded by the U L 26 open reading frame 
electrophoretically separated in a denaturing gel to show the action of PMSF as a protease inhibitor. 

FIG. 15. Photograph of electrophoretically separated polypeptides from lysates of cells transfected with plasmid 
5 constructs and superinfected with HSV-1 (F) either at 34°C (34°) or at 39°C (39°), electrophoretically separated in 
polyacrylamide gels, electrically transferred to a nitrocellulose sheet and reacted first with monoclonal antibody 
H725 to HSV-1 ICP35 (HSV Ab) or CH28-2 to the CMV epitope (CMV Ab), and stained with goat anti-mouse IgG 
antibody coupled to peroxidase. 

10 FIG. 16. Autoradiographic images of the electrophoretically separated polypeptides translated in vitro in a nude- 
ase-treated rabbit reticulocyte lysate from the synthetic RNAs transcribed in vitro from the U L 26 ORF cloned in 
plasmid construct Y. 

FIG. 17. Schematic representation of the results of mutagenesis studies. 

15 

[0062] There are disclosed herpes proteases and nucleic acid segments which encode such proteases. The pro- 
tease encoding segments also contain at least one coding domain for proteins used in capsid production during viral 
replication. Substrates of the protease include its own amino acid sequence and the precursors of viral capsid proteins 
(FIG. 2). Inhibitors of the protease arrest the viral life cycle, thereby offering a means of therapeutic intervention. An 
20 illustrative embodiment of the methods and compositions of the present invention, employs HSV-1 as a protease 
source . 

[0063] A novel herpes protease has been identified in HSV-1 , purified and abbreviated as "Pr." A weapon forged to 
directly attack virus production is provided by inhibiting the action of the Pr protease. Because the protease is essential 
for packaging of DNA into the viral capsid, inhibition of the protease disrupts the replication cycle of the virus. Treatment 

25 with inhibitors of the protease alleviates clinical effects and reduces risk of transmission. 

[0064] The herpes protease is a product of a region of the HSV genome, the U L 26 open reading frame. The pro- 
tease is both a necessary and the sole viral protein that suffices to effect its own cleavage and that of the product of the 
U L 26.5 open reading frame (ORF) a region identified and purified as an aspect of the present invention. The product of 
the U L 26 ORF, a protein that has been designated as Pra is a previously undescribed herpes protease, the first pro- 

30 tease ever purified from the herpes virus. In cell free systems, Pra cleaved itself to Prb providing evidence that the 
translation product Pra, can function as a protease. (FIG. 1) Prb, the designation assigned to the product of the auto- 
catalytic cleavage of Pra, is approximately 20 amino acids smaller than Pra. 

[0065] Characteristics of the disclosed protease are not only that it catalyzes its own cleavage, but surprisingly, a 
second substrate on which it acts, the more abundant substrate, is encoded by a sequence entirely contained within the 
35 gene encoding the protease. The protease and the second substrate share amino acid sequences at their carboxyl ter- 
mini. A surprising and unexpected finding was that the coding segment for the second substrate codes for viral capsid 
proteins designated ICP35, and is a newly identified gene designated U L 26.5. 

[0066] The expression of the U L 26 gene in the form of a protease is essential for viral maturation. The evidence for 
this statement is that a temperature-sensitive mutation reported by Preston, et al. (1983) at the U L 26 open reading 
40 frame has a lethal effect on capsid maturation. Therefore, disruption of the function of the protease inteferes with viral 
maturation, presenting a therapeutic strategy. 

[0067] Three general approaches were employed by the inventors to identify and characterize a herpes protease. 
These included: 1) transfecting cells with test plasmids and then infecting them with herpes; 2) transfecting cells with 
two plasmids; and 3) in vitro translation. Out of these studies, the inventors identified two overlapping herpes simplex 

45 virus 1 (HSV-1) nucleic acid sequences, which comprise two genes (independent transcription units). The larger of the 
sequences is designated U L 26 and encodes a protein of an apparent molecular weight of approximately 75-85kd as 
determined by SDS-PAGE. This protein is a serine protease which is capable of processing itself and the ICP35 protein 
precursors by carboxyl-terminal proteolytic cleavage. The smaller sequence is designated U L 26.5 and encodes a pro- 
tein of an apparent molecular weight of approximately 35-50kd as determined by SDS-PAGE. Both genes have been 

so cloned. 

[0068] One of the reasons that disclosed proteases have been successfully isolated and purified, was because of 
the choice of a key test substrate, the ICP35 proteins. To better understand the herpes genome, another productive 
step was the construction of a large number of plasmids with a specific construction strategy designed to answer a spe- 
cific question about the mechanism of herpes genetic pathways. Into some of the plasmids, a marker sequence was 
55 inserted to permit tracing of the paths of genetic action. The markers in a series of plasmid constructs included dele- 
tions or insertions of an a4 promoter or of a sequence encoding a cytomegalovirus epitope capable of reacting with a 
mouse monoclonal antibody. These constructs revealed dramatic and surprising differences in the genetic action of a 
region of the herpes genome from that predicted from previous work on the structure and action of the U L 26 ORF. 
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[0069] in previous work, McGeoch et al.(1 988) predicted that the U L 26 frame encodes ICP35. The product of U L 26 
predicted from the nucleotide sequences in that open reading frame, however, turned out to be considerably larger than 
1CP35. A hierarchical genetic complexity was revealed as responsible for production of the herpes capsid protein. What 
is disclosed in the present invention is a dissection of the domain designated U L 26 into two overlapping transcriptional 
5 units yielding proteins which sfare part of an amino acid sequence. What had previously been designated ICP35 turns 
out to be encoded only by a portion of the U L 26 open reading frame. For purposes of the present invention, that unit 
has been designated U L 26.5. 

[0070] The protease has general applicability. Homologs of the substrate of the Pra protease, which cleaves a pre- 
cursor to form the ICP35 proteins, have been detected in other herpes viruses. It is likely, therefore, that the methods 

10 of the present invention will reveal the protease in other members of the virus family, and in other species. As one exam- 
ple, it has been reported recently that the CMV equivalent of the ICP35 protein is cleaved at the carboxyl terminus (Gib- 
son et al., 1990, Schenk et al. 1991), although the CMV protease had not been identified as yet in that species. The 
herpes-cleaved protease is, therefore, likely to affect cleavage in to other herpes viruses. More recently, there is a report 
of a proteinase in cytomegalovirus. An active protease is said to be released after cleavage of the full-length protease 

75 at amino acid 248, but the present invention suggests the result of such cleavage would be inactive. 

[0071] The existence of a homologous open reading frame to ICP35 in the Varicella-Zoster Virus (VZV) genome 
(Davison and Scott, 1986; Davison and McGeoch, 1986) suggests that the ICP35 equivalent and the corresponding 
protease are conserved among the various herpes viruses. Because the amino acid sequence of ICP35 is entirely con- 
tained in the carboxyl terminus of Pr and because ICP35 does not show demonstrable proteolytic activity, it is expected 

20 that the proteolytic activity exhibited by Pr is expressed by the amino terminal domain of the protein. It is of interest to 
note that in the VZV genome (Davison and Scott, 1986), the open reading frame corresponding to U L 26 exhibits greater 
homology in amino acid sequence at the amino terminus rather than at the carboxyl terminus. 

Manipulation of The Herpes Simplex Virus (HSV) Genome 

25 

[0072] The importance of a viral protease as a therapeutic target is clear from a consideration of viral replication 
mechanisms. For example, the herpes simplex virus has a genome comprising a linear, double-stranded DNA molecule 
(molecular weight approximately 100 x 10 6 ) large enough to encode 7 3 different gene products. The structure of the 
genome is unusual among DNA viruses in that two unique nucleotide sequences are flanked by inverted repeated 
30 sequences. 

[0073] The viral genome is packaged within a regular icosahedral protein shell (capsid) composed of 162 cap- 
somes. The outer covering of the virus is a lipid containing membrane envelope derived from modified cell membrane. 
Cell proteins are not detected in the virion envelope. Glycoproteins in the lipid bilayer of the envelope mediate attach- 
ment of virus to the host cell, surface, and penetration of virus into the cell and viral maturation and egress. A tegument 

35 exists between the capsid and the lipid bilayer. Within the capsid are DNA polyamins, and DNA-binding proteins. 
[0074] Clinical problems result when infection of cells is followed by replication and spread of the virus. After the 
viral genome reaches the nucleus of the cell, expression of viral genes occurs in a highly regulated fashion. Cell death 
may result from viral infection and replication. Protease inhibition will block replication. In vivo infections of certain cells, 
in particular sensory neurons, does not necessarily result in replication of virus and cell death. A latent phase may 

40 occur. 

[0075] Sequence arrangement of HSV-1 genome, the positions of U L 26 and U L 26.5 open reading frames and their 
transcripts and the structure of the test plasmids constructed for aspects of the present invention are shown in FIG. 1 : 

Line 1, -schematic representation of the sequence arrangement of the HSV-1 genome. U L and U s refer to the long 
45 unique and short unique sequences flanked by terminal inverted repeats shown as rectangles. 

Lines 2 and 3, -genome map position, nucleotide numbers relative to the approximate transcription initiation site of 
U L 26 indicated by letter I at +1 , and restriction endonuclease sites of the HSV-1 EcoRI-Pstl DNA fragment. Une 3 
also shows the position of the translations termination codon(T) and of the single poly(A) signal (A) which serve 
so both the U L 26 and U L 26.5 RNAs. 

Lines 4 and 5, -the filled rectangles (thick bars) represent the coding domains of the U L 26 and U L 26.5 open reading 
frames. The numbers refer to the positions of the transcription initiation site, the translation initiation and termina- 
tion codons and of the poly(A) signal for both open reading frames related to nucleotide +1 of U L 26. 

55 

Line 6 is a restriction endonuclease map drawn to scale with reference to lines A through Z and AA through NN 
which are schematic representations of the HSV-1 sequences contained in the plasmid constructs used in the stud- 
ies described in this report. The construction of the plasmids shown schematically in lines A through Z and AA 
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through NN are described in Example 1. The source of the <x4 promotor (open rectangle) shown in plasmids B, D, 
H, J, K p L, M, P, W, X, Z, AA through NN, was BamHI Z DNA fragment (Post et aL, 1981) inserted in proper tran- 
scriptional orientation. The CMV epitope is shown as a filled oval. The oligonucleotide C with its complement is 
shown as a filled rectangle, and the new created Pmll site is marked as P*. The restriction endonuclease sites were 
5 abbreviated as follows: B, BamHI; Ba. Ball; Bs, BstEII; E, EcoNI; H, Hpal; K, Kpnl; Ms, Mstll; P, Pm1l: Ps, Pstl; S, 
Sa1 1; X, Xmal. Me represents the methionine translation initiation codon of the U L 26.5 open reading frame. 

[0076] In order to identify the in vitro translation of U L 26 and U L 26.5 the unprocessed species of ICP35, open read- 
ing frames, both the U L 26 and U L 26.5 open reading frames were cloned into PGEM3Z-f (+) to derive plasmids T and U, 

10 respectively (FIG. 1). RNAs corresponding to the mRNAs of U L 26 and U L 26.5 were transcribed by Sp6RNA polymerase 
and translated in nuclease-treated rabbit reticulocyte lysates. The results indicated that U L 26 and U L 26.5 specify pro- 
teins each of which form double bands with apparent molecular weights of 80kd (Pra) and 45kd (ICP35d, c), respec- 
tively. The two species of U L 26.5 (ICP35) protein synthesized in vitro were found to comigrate with ICP35c, d 
synthesized in vitro in HSV-1(F) infected cells. It was further found that the unprocessed forms of U L 26.5, that is 

15 ICP35c, and d, can be processed into ICP35e and f. 

[0077] It was possible to map (localize) and purify the DNA sequences in the viral genome required for the process- 
ing of ICP35c, d into ICP35e, f. BHK cells were transfected with a series of plasmids containing different lengths of HSV- 
1 DNA sequences, each containing an intact ICP35 gene and superinfected with HSV-1(F) at 39°C. BHK cells trans- 
fected with the plasmid A containing the intact U L 26 gene (FIG. 1) generated ICP35e, f in addition to ICP35c, d whereas 

20 cells transfected with plasmid C in which the promoter region of U L 26 gene was deleted, and only the coding sequence 
of Ui 26 was in cl uded (FIG. 1), ge nerated onl y the un p rocessed ICP35c, d. These results suggested that the gene prod- 
uct of U L 26 was required for the processing of ICP35, c, d into e, f. 

[0078] The product of the gene U L 26 was found capable of cleaving ICP35c, d into e, f when present in the trans 
position. To determine whether U L 26 acts in trans or in c/s, BHK cells were transfected with plasmid N as the substrate 
25 for processing and a series of plasmids containing deletions in the U L 26 open reading frame, and then infected with 
HSV-1 (F) and maintained at 39°C. The results showed the following: 

(i) ICP35c, d did not autocatalyze their own processing into ICP35e, f, inasmuch as the lysates of cells co-trans- 
fected with plasmids N and E (FIG. 1) did not contain ICP35 forms e and f reactive with the CMV monoclonal anti- 

30 body. 

(ii) ICP35C, d were not processed in BHK celts cotransfected with plasmids N and C or I. Plasmids C and I contain 
deletions in the promoter region and at the polyadenylation site of the U L 26 open reading frame, respectively (FIG. 
1). 

35 

(iii) ICP35C, d were processed into e, f in BHK cells co-transfected with plasmids N and A or B. Plasmids A and B 
contain the intact U L 26 promoter and open reading frame and the U L 26 coding sequence driven by the a4 pro- 
moter, respectively. The a-transducing factor in HSV-1 (F) induces the a4 promoter to a high level (Post et al. , 1 981 ; 
Battreson and Roizman, 1 983) at 39°C. The high level of expression of U L 26 may explain the presence of the proc- 

40 essed forms of ICP35 (forms e and f) in lysates of cells co-transfected with plasmids N and B. 

[0079] The importance of the protease encoded by U L 26 is indicated by the results showing it to be competent for 
the processing of ICP35c, d into e, f. It is shown that U 2 26 and processing of ICP35d, d to e, f are both essential for 
capsid production because a mutation in that region (in the 5' end of the U L 26 ORF) was reported as lethal (Preston, et 
45 al., 1983). 

[0080] Even more exciting from the perspective of use of the protease as a target for attack on herpes infections is 
that the protease appears to be the sole protein required for processing of ICP35C, d into e, f proteins required for 
capsid production. That indicates the protease is essential for capsid formation. To determine whether U L 26 is the only 
viral protein required for this processing and to exclude the possibility that viral genes expressed by the HSV-1 (F) 

so genome at 39°C contribute to the catalysis of ICP35, BHK cells were co-transfected with a constant amount of plasmid 
L and different amounts of plasmid B as the genes encoding the substrate and the enzyme for the processing, respec- 
tively. In plasmid L (FIG. 1 ) the U L 26.5 open reading frame was regulated by the a4 promoter and the CMV epitope was 
inserted at the Mstll restriction endonuclease site whereas plasmid B contained the intact U L 26 open reading frame 
driven by the same promoter. Because the a4 is a strong eukaryotic promoter constitutor ly expr ssed in transfected 

55 cells (Post et al., 1981 ; Kristie and Roizman, 1984), expression of the U L 26.5 and U L 26 proteins in cells transfected with 
plasmid L and B did not require superinfection with HSV-1 (F). The results were as follows: 

(i) In the absence of viral infection, ICP35c and d were the only two species expressed in cells transfected with plas- 
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mid L The epitopically marked ICP35 expressed by plasmid L was fully processed in cells superinfected with HSV- 
1 (F) at permissive temperature. As expected plasmid B did not produce products reactive with anti CM V antibody. 

(ii) In the presence of plasmid B containing U L 26, the epitopically marked ICP35c, d expressed by plasmid L were 
5 processed into ICP35e, f. At low concentrations of plasmid B, the extent of accumulation of ICP35e, f was directly 
proportional to the amount of U L 26 plasmid DNA co-transfected with plasmid L into BHK cells. The decrease in the 
amounts of ICP35e, f observed in the presence of the highest amounts of plasmid B may reflect competition 
between the two plasmids or reduced yield as a result of the toxicity used by high amounts of DNA. 

10 [0081 ] From results of these studies it was concluded that the product of the U L 26 is the only viral factor both com- 
petent and sufficient to process ICP35c, d into ICP35e, f. The protease is, therefore, essential for capsid development, 
which in turn is essential for the herpes virus replication life cycle. 

[0082] The active agents of such medicants include an inhibitor of the protease. The inhibitor may act to counter- 
mand the proteolytic action of an already available protease, or to disrupt or prevent the initiation of the translation or 

is transcription of the nucleic acid segments responsible for protease production. The inhibitor may be in the form of a 
chemical composition, in which case it must be combined with a composition which effects cell incorporation. 
[0083] If the inhibitor is in the form of nucleic acid segment, it may be incorporated into infected cells by any of the 
variety of methods well known to those of skill in the art. Those methods are disclosed herein and comprise transfection 
of a recombinant vector, electroporation, or use of a "gene gun" to force mechanically accelerated nucleic acid particles 

20 into infected cells. 

Example 1 

Construction of Plasmids and Their Relation To The HSV Genome 

25 

[0084] A set of plasmids were constructed to contain segments of nucleic acid sequences that could be manipu- 
lated to identify sections of the nucleic acid sequence of the HSV genome which control production of specific polypep- 
tides, and to isolate those segments and purify their products. 

[0085] These ingenuous tools were created to identify and manipulate nucleic acid sequences involved in viral 
30 infections. In some plasmids, markers were inserted at specific locations in order to trace the products of cleavage, to 

define nucleotide sequences used for various infective processes. The CMV epitope is shown as a filled oval in FIG. 1 . 

The oligonucleotide C with its complement is shown as a filled rectangle. The newly created Pmll site is marked P. The 

restriction endonuclease sites are abbreviated as follows: B, SamHI; Ba, Ball; Bs, BstEII; E, EcoNI; H, Hpal; K, Kpnl; 

Ms, Mstll; P, Pmll; Ps, Pstl; S, Sail; X, Xmal. 
35 [0086] Collectively, the HSV-1 sequences carried in plasmids A through Z, AA through NN, contain deletions which 

encompass the entire domain of the U L 26 open reading frame. In some instances, e.g.plasmid constructs B and D the 

promoter of the a4 gene was juxtaposed in the form of the Sam HI Z fragment to force a higher level of transcription. 

[0087] Plasmid constructs designated J through N in FIG. 1 carry in the HSV DNA's a sequence encoding a CMV 

epitope inserted into the unique MstW site of these fragments. In all but one plasmid construct the BamH\ Z fragment 
40 was also inserted to augment transcription by the a4 promoter contained in this fragment. The exception was plasmid 

construct N. 

[0088] In plasmid O and P the CMV epitope was inserted into the unique Hpal site and only the P plasmid contains 
the a4 promoter in the form of the SamHI Z fragment. 

[0089] The following plasmids were constructed: A (pRB4057), B (pRB4060), C (pRB4058), D (pRB4089), E 
45 (pRB4093), F (pRB4056), G (pRB4087), H (pRB4088), I (PRB4026), J (pRB4092), K (pRB4094), L (pRB4096), M 
(pRB4095), N (pRB4102), O (pRB4079) and P (pRB4080), Q (pRB4140), R (pRB4184), S (pRB4185), T (pRB4103), U 
(pRB4090), V (pRB4186), W (pRB4188), X (pRB4213), Y (pRB4214), Z (pRB4215). pRB4026 was constructed by 
insertion of the HSV-1 fragment into the Kpnl site of pUC18. pRB4057 contains the entire encoding sequence of the 
U L 26 open reading frame, extending 3' from nucleotide -900 relative to the translation initiation site of the gene to 
so approximately 650 nucleotides downstream from its polyadenylation site. pRB4060 was constructed by replacing the 
viral DNA sequence 23 bp upstream from the translation initiation site of the U L 26 open reading frame in pRB4057 with 
the HSV-1 DNA Bam HI Z fragment. The BamHl Z fragment contains at one terminus, portions of the 5' transcribed non- 
coding sequences of the alpah4 gene starting with nucleotide 4-33 and the upstream untranscribed domains of this 
gene. The BamHl Z fragment was inserted in the orientation that would juxtapose the a4 promoter in the proper tran- 
55 scriptional orientation to the intact and truncated domains of the U L 26 open reading frame. pRB4056, pRB4058, 
pRB4087 t and pRB4093 were derived from pRb4057, and pRB4088 and pRB4089 were derived from pRB4060 by gen- 
erating deletions by the subcloning techniques described by Sambrook et al. (1989). 
[0090] Two pairs of oligonucleotides, i.e., oligonucleotide 
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A (5'- 

AAGGGACAGAAGCCCAACCTGCTAGACCGACTGCGACACCGCAAAAACGGGTACCGA 
5 CAC-3') with its complement, oligonucleotide B (5'~ 

AAAGGGACAGAAGCCCAACCTGCTAGACCGACTGCGACACCGCAAAAACGGGTACCG 
ACACGA-3') with its complement, and oligonucleotide C 
10 (5'- 

TCGACGTTGACACGGCCCGCGCCGCCGATTTCTTCGTCTCTCAGATGATGGGGGCCC 
GCCACGTGTGA-3 ' ) , 

15 

were synthesized in Applied Biosystems DNA Synthesizer 380A (Foster City, Calif.). Oligonucleotides A,B and their 
complements encode the epitope of the CH28-2 monoclonal antibody and contain a Kpn\ site at the 3' end for conven- 
ient screening of the oligonucleotide insertion in plasmids. pRB4079 and pRB4080 were derived by inserting the oligo- 
nucleotide A sequence into the unique Hpal site of pRB4057 and pRB4060 respectively. pRB4092 was derived by 
20 inserting the oligonucleotide B sequence into the unique MstW site of pRB4060. pRB4094, pRB4095, pRB4096, and 
P R B4102 werederived from pRB4092 by generating deletions by means of common subcloning techniques (Sam- 
brook, et al. p 1989). All insertion sites of these plasmids were sequenced to verify that the CMV epitope was inserted 
in the same frame as the U L 26 open reading frame. 

[0091] Plasmid Q (pRB4140) was derived by inserting oligonucleotide A with its complement into the unique Pmll 

25 site of plasmid A. The sequence encodes the authentic U L 26 sequence from the Pmll site to the translation termination 
site but with the addition of a new Pmll site of the U L 26 open reading frame in the proper orientation resulted in the cre- 
ation of a new Pmll site between the carboxyl terminal amino acid and the stop codon of the U L 26 open reading frame. 
In addition, the sequence *GTG' at the authentic PmIL site has been changed to sequence 'GTC. By insertion of the 
sequence C into the unique PmIL site of the U L 26 open reading from the proper orientation resulted in the creation of 

30 a new Pmll site between the carboxyl terminal amino acid and the stop codon of U|_26. The original, authentic Pmll site 
was destroyed without changing the U L 26 amino acid sequence because the codon "GTG" and H GTC" encode the 
same amino acid. Therefore, the net effect of the insertion of oligonucleotide C with its complement to U L 26 open read- 
ing frame was that U L 26 had two additional amino acids between its authentic carboxyl terminal amino acid and its stop 
codon which were encoded by the new created Pmll recognition sequence. Plasmid R (pRB4184) was derived by 

35 inserting sequence C into the PmIL site of plasmids E (pRB4093), and S (pRB4185) was derived by inserting the oligo- 
nucleotide A with its complement into the PmIL site of plasmid R. Plasmids T, U, V and W (pRB4103, pRN4090. 
pRB4186 and pRB4188) were derived from plasmids B and S by subcloning. Plasmids X, Y and Z (pRB4213, 
pRB4214, and pRB4215) were constructed by inserting in frame into the U L 26 open reading frame at the site between 
the 3' end of the CMV sequence and the stop codon, either a sequence encoding 256 amino acids comprising five 

40 homologs of IgG binding domains of the staphylococcal protein A or a sequence encoding 129 amino acids and com- 
prising two such domains. These sequences were the BclL-Hincll fragment and Hindlll-Hincll fragment of the protein A 
gene fusion vector pRITS (Pharmacia, Piscataway, NJ), respectively. The vector for plasmids T, U, V, and Y was derived 
from PGEM3Zf(+) (Promega, Madison, Wl) and these plasmids could be used as templates for in vitro transcription by 
T7 or Sp6 RNA polymerases. The vectors for all other plasmids were derived from pUC18 (New England Biolabs, MA) 

45 All the insertion sites of the oligonucleotide sequences A and C with their complement into the plasmids were 
sequenced to verify that the CMV epitope and the amino acid sequence encoded by oligonucleotide C with their com- 
plement were inserted in frame with the U L 26 open reading frame. 

[0092] Constructs AA, BB, CC, DD and MM were prepared by inserting a translations stop codon into pRB4060 at 
Pmll, Mstll, BssHII, Hpal sites, and the site encoding the translation initiation codon of ICP35, respectively. Construct 

so NN was constructed by deletion of the sequence between the ICP35 translation initiation site and stop codon. The U L 26 
ORF fused to BamHI Z cloned in pGEM3zf(+) as pRB4245 was mutagenized to give rise to II, JJ KK, LL, HH and GG 
with the aid of the Muta-Gene Kit (Bio-Rad) in accordance with the manufacturer's recommendations. The 40 mer oli- 
gonucleotides used for this purpose were synthesized on an Applied Biosystems model 380B DNA synthesizer. Plas- 
mids EE and FF were constructed by cleavag with Xbal and religation of constructs GG and HH to delete the first 10 

55 and 33 amino adds of U L 26, respectively. The symobols used in FIG. 1 are as follows: Open quadrangle: the BamHI Z 
fragment used as the source of the a4 promoter and inserted in the proper transcriptional orientation relative to that of 
the U L 26 and U L 26.5 open reading frame; filled oval: the 20 amino acid CMV epitope, described herein; filled rectangle: 
the DNA sequence encoding the IgG binding domain of protein A; P*: a new Pm1 1 site created in conjunction with the 
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insertion of the IgG binding domain of protein A. The new translational initiation codons produced by in vitro mutagen- 
esis are marked "ATG". The filled triangles represent the inserted stop codon. The restriction endonuclease sites were 
abbreviated as follows: B, BamHI; Ba, Ba1 1; Bs, BstEII; E, EcoNI; H, Hpal; K, Kpnl; Ms, Mstll; P, Pm1 1; Ps, Pstl; S, Sa1 1; 
X, Xcml. Me represents the methionine translation initiation codon of the U L 26.5 open reading frame. 
s [0093] A restriction endonuclease map is drawn to scale on-line 9 of FIG. 1 with reference to lines A through Z 
which are schematic representations of the HSV-1 sequences contained in the plasmid constructs used in the studies 
described herein. 

Example 2 

10 

Use Of The Plasmids To Isolate And Purify Viral Components 

[0094] Host cells were transfected with the plasmid constructs of FIG. 1 . In addition, the protease was synthesized 
in vitro from rabbit reticulocyte lysate systems with the plasmids. Photographs of polypeptides from cells that were 

is transfected with the plasmid constructs and superinfected with virus, taken after the electrophoretic separation in poly- 
acrylamide gels, electrical transferring to a nitrocellulose sheet, and reaction with goat anti-mouse immunoglobulin anti- 
body coupled to peroxidase, were used to analyze the nucleic acid sequences responsible for the mechanisms of 
infection. Experimental details of the polypeptide purification are described in the Materials and Methods. 
[0095] Constructs MM and NN were used to determine whether any ICP35 coding sequences in the protease are 

20 essential for ICP35 cleavage. 

Example 3 

Analysis of Transcriptional Units 

25 

[0096] The nucleotide sequences of U L 26 surprisingly and unexpectedly were found to be contained in two tran- 
scriptional units. Two probes were constructed to map the transcripts of U L 26. Probe 1, designed to identify the 5' ter- 
minus of the U L 26 in RNA, oonsisted of the EcoNI-SamH1 fragment labelled at the BamHI site whereas probe 2 
consisted of the Xcm\-BstE\\ fragment labelled at the BstBW site. 

30 [0097] An autoradiographic image of DNA probe 1 (A) and probe 2 (B) hybridized to total cytoplasmic RNA from 
mock-infected and 12-h-infected Vera cells and digested with S1 nuclease, is presented in FIG. 3. The RNAs were pre- 
pared as described in the Materials and Methods herein. In FIG. 3, lane 1 (PS), an S1 -digested probe 1 appears as it 
is under the same conditions of hybridization and digestion as those shown in lanes MOCK and HSV-1 . 
[0098] Lanes 2 and 8 (MOCK), shows RNA extracted from cells 12 h after mock infection. Lanes 3 and 9 (HSV-1), 

35 shows RNA extracted from cells infected with HSV-1 (F) and maintained for 12 h. 

[0099] Lanes 4 and 7 (P), indicate positions of the undigested probes (probe 1 or 2). 

[0100] Lanes 5 and 7 (M), present 5* end-labeled fragments obtained from digestion of PGEM3Z DNA with the 
enzyme Mspl 

[0101] Arrows in FIG. 3 indicate the protected 5' termini of U L 26(A) and U L 26.5(B) RNAs. T, Position of the HSV-1 
40 sequences in probe 2 protected by the U L 26 RNA. 

[0102] The results of the S1 analyses illustrated in FIG. 3 are that cytoplasmic RNA hybridized to probe 1 protected 
a fragment approximately 300 nucleotides long(lane 3). 

[0103] Nucleotide 300 upstream from the BamHI site was designated as +1 of U L 26. The first methionine codon 
after the approximate transcription initiation site is at position +180. 

45 [0104] Cytoplasmic RNA hybridized to probe 2 yielded two sets of fragments protected from S1 digestion (lane 9). 
The first fragment contained all of the HSV-1 DNA sequences(band T). The second set of protected fragments formed 
several bands ranging from 35-40 nucleotides in length(lane 2, band U L 26.5). Thus, the transcription initiation site of 
this transcript was approximately at nucleotide +1000 relative to nucleotide +1 of U L 26. The first methionine codon 
downstream from the transcription initiation site of this RNA was at position +1099. The longer RNA was designated 

so U L 26. 

Example 4 

Location and Isolation Of Th ICP 35 Gene 

55 

[0105] In order to localize the position of the coding domain of the gene specifying ICP35, a series of deletions in 
open reading frame U L 26 were tested for their capacity to express ICP35. 

[0106] BHK cells were transfected with plasmid constructs O, N and P (FIG. 1) then infected with HSV-2 (FIG. 4). 
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The letters across the top of the gel shown in FIG. 4 identify the plasmid constructs with which the cells were trans- 
fected. A dash or the absence of a letter indicates that the cells were infected but not transfected. The vertical lines iden- 
tify the slow-migrating bands. The shortest fragment which yielded HSV-1 ICP35 was plasmid E(lane 2). Because this 
plasmid construct was expressed from its endogenous promoter, the results indicate that the sequences contained in 
5 the Hpal-Pstl fragment contain both the coding sequences and the promoter of the gene encoding ICP35. Plasmid E 
contains all of the sequences of U L 26.5 RNA plus 168 nucleotides. 

Example 5 

10 Open Reading Frame Isolation And Characterization 

[0107] In FIG. 5, a photograph of polypeptides extracted from cells transfected with plasmid constructs and super- 
infected with virus, was taken after electrophoretical separation in polyacrylamide gels, electrical transferring to nitro- 
cellulose sheets, and reacting with monoclonal antibody H725 (HSV Ab) or CH28-2 (CMV Ab). The letters across the 

75 top of the gel identify the plasmid constructs with which the cells were transfected. A dash or the absence of a letter 
indicates that the cells were infected but not transfected. The vertical lines identify the slow-migrating bands. 
[0108] FIG. 5 shows that BHK cells transfected with construct J,K, or L made a family of proteins which reacted with 
both anti-HSV-1 ICP35(H725) and anti-CMV(CH28-2) monoclonal antibodies. The formation of the characteristic four 
ICP35 bands by the products of transfection of plasmid construct L indicates that the initiating methionine codon for 

20 IGP35 is at position 1 099. 

[0109] These results indicate that the U L 265 coding sequences specifying ICP35 constitute a part of. and-are in 
frame with, those of U L 26. In the preceding section it was shown that ICP35 could be expressed by transactivation of 
the DNA sequences contained in the Hpa\-Pst\ fragment. Because plasmid construct E could be transactivated by 
HSV-2, it may also be concluded that the coding sequences of U L 26 include both the coding sequences and the pro- 

25 moter domain of the gene specifying ICP35. 

Example 6 

Use of Antl-CMVmAb 

30 

[01 10] A photograph of polypeptides from cells transfected with plasmid constructs and superinfected with HSV-1 , 
was taken after electrophoretical separation in SDS polyacrylamide gels, electrical transferring to nitrocellulose sheets, 
and reacting with monoclonal antibody H725 (HSV Ab) or CH28-2 (CMV Ab). The letters across the top of the gel 
shown in FIG. 6 identify the plasmid constructs with which the cells were transfected. A dash or the absence of a letter 
35 indicates that the cells were infected but not transfected. The vertical lines identify the slow-migrating bands. These 
results indicate that use of the anti-CMV monoclonal antibody obviates the need to superinfect the cell with a heterolo- 
gous virus. 

Example 7 

40 

Identification, Isolation and Characterization of the Product of the U L 26 ORF 

[01 1 1 ] FIG. 7 presents autoradiographic images and a photograph of polypeptides from BHK cells transfected with 
plasmid constructs and superinfected with virus, after the cells were electrophoretically separated in polyacrylamide 
45 gels, electrically transferred to nitrocellulose sheets, and reacted with monoclonal antibody H725 (HSV Ab) or CH28-2 
(CMV Ab). The letters across the top of the gel identify the plasmid constructs with which the cells were transfected. 
The vertical line and arrow identify the product of the U L 26 protein. 

[0112] In FIG. 7, lanes 1, 2, and 3 are autoradiographic images of proteins labeled with [ 35 S]methionine as 
described in the Materials and Methods. The infected cell proteins (ICPs) of HSV-2 were numbered according to Morse 
so etal. (1978). 

[0113] Lanes 8, 9, and 10 show lysates of the same cells as shown in lane 4, 5, and 6 stained with H725 rather than 
with the CH28-2 monoclonal antibodies. 

[01 1 4] Lane 7 shows the lysate of cells transfected with plasmid construct J, in which U L 26 is driven by the a4 pro- 
moter, infected with HSV-1 (F) and maintained at 39°C. Under these conditions, only a and a f ew p proteins are 
55 expressed, but the ICP35 of HSV-I(F) is not expressed. The ICP35 in the HSV-1 (F) viral genome is not expressed. The 
ICP35 encoded by the plasmid construct is expressed inasmuch as the transfected gene is regulated as a p gene. 
[01 1 5] In the preceding sections it was shown that the sequences encoding ICP35 overlapped only a portion of the 
sequence designated the U L 26 ORF. The purpose of the studies presented in the following sections was to identify the 
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product of the full length U L 26 open reading frame. BHK cells were transfected with plasmid construct O.N, or P (FIG. 
1). and then infected with HSV-2. The electrophoretically separated proteins from cells transfected with plasmids O.N, 
and P, were reacted with monoclonal antibodies to either HSV-1(H725) or CMV(CH28-2) (FIG. 7 lanes 4 through 6 and 
8 through 1 0) and then autoradiographed to provide molecular weight markers (lanes 1 through 3). The salient features 
5 of the results were as follows: 

(1) the plasmid constructs O and P containing the CMV epitope inserted in frame with U L 26 specified proteins 
which formed two bands with electrophoretic mobilities corresponding approximately to proteins with apparent 
molecular weights of 75,000 to 78,000 (FIG. 7, lanes 4 and 6). The CMV monoclonal antibody did not react with 

10 ICP35 bands produced by plasmids O and P(lanes 4 and 6). The CMV epitope was inserted at the Hpa\ restriction 
endonuclease site(+832),i.e. before the translation initiation site of ICP35 at position +1099. 

(2) All plasmid constructs made ICP35 which reacted with H725 monoclonal antibody against HSV-1 ICP35. The 
disparity in the electrophoretic mobilities of the ICP35 proteins made by plasmid constructs N and P reflect the 

75 insertion into plasmid construct N of the oligonucleotide encoding an additional 21 amino acids. 

(3) The abundance of proteins specified by the entire U L 26 ORF relative to that of the ICP35 protein may be 
deduced from the observation that while both of the Mr75,000-78,000kd proteins and the ICP35 react with the 
same monoclonal antibody, CH28-2, the reactivity or amount of the larger protein is considerably lower than that 

20 observed for ICP35. 

[01 16] Hie compelling evidence that the two proteins share amino acid sequences is based on the observation that 
construct J under conditions of overproduction of the U L 26 proteins yielded proteins which co-migrated with both the 
larger protein and ICP35 and reacted with the CH28-2 monoclonal antibody (arrow, FIG. 7, lane 7). 

25 

Example 8 

Characterization of U L 26 and U L 26.5 Proteins 

30 [01 17] An autoradiographic image of the 35 S-methionine labeled polypeptides translated in a nuclease-treated rab- 
bit reticulocyte lysate and electrophoretically separated in a 9.5% denaturing polyacrylamide gel are shown in FIG. 8. 
[0118] In lane 1 are translation products of brome mosaic virus templates provided with a kit obtained form 
Promega Biotec, Wl as transcribed according to the manufacturer's suggestions. Lane 2 shows translation products of 
the U L 26 open reading frame in plasmid U. Lane 3 shows the translation product of the U L 26.5 open reading frame in 

35 plasmid T These results indicated that U L 26 and U L 26.5 specify proteins each of which form double bonds with appar- 
ent molecular weights of 80,000kd (Pra) and 45,000 (ICP35d,c) respectively. 

Example 9 

40 The Gene Product of U L 26 Is Required to Process ICP35c,d into e,f in Transposition 

[0119] A photograph of electrophoretically separated polypeptides from BHK cells transfected with plasmid con- 
structs and superinfected with HSV-1 (F) either at 34°C (34°) or at 39°C (39°), electrophoretically separated in polyacr- 
ylamide gels, electrically transferred to a nitrocellulose sheet and reacted with monoclonal antibody H725 to HSV-1 

45 ICP35 (HSV Ab) and stained with goat anti-mouse IgG antibody coupled to peroxidase, is presented in FIG. 9. Experi- 
mental details are described in the Materials and Methods herein. The letters across the top of the gel identify the plas- 
mid constructs with which the cells were transfected. A dash indicates that the cells were infected but not transfected. 
The letters on the side were assigned to different species of ICP according to Braun et al. (1984). 
[0120] The ICP35 bands e and f are the products of the cleavage of the proteins in bands c and d. The proteins 

so migrating in bands c\ d\ e' and f contain the CMV epitope and therefore migrate more slowly than the authentic proteins 
in bands c, d, e and f, respectively. 

[0121] Earlier experiments suggested that ICP35c, d were the precursors of ICP35e, f (Braun et al., 1984; Preston 
et al., 1983). To test this hypothesis, BHK cells were transfected with plasmid E containing U L 26.5 gene (FIG. 1) and 
superinfected with HSV-1 (F) at 39°C. This virus is temperature sensitive and at 39°C it does not express its own U L 26 
55 and U|_26.5 open reading frames. The results (FIG. 10) show the following: 

(1) The ICP35 gene resident in the viral genome was expressed at 34°C (lane 1) but not at 39°C (lane 2) as evi- 
denced by the presence and absence of the ICP35 bands reactive with the H725 monoclonal antibody to ICP35, 
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respectively. 

(2) ICP35c, d were the only two species of ICP35 proteins expressed from the one reading frame in plasmid E at 
39°C (lane 4), whereas at least ICP35c, d, e and f could be detected in lysates of productively infected cells main- 
5 tainedat34°C(Iane1). 

[01 22] These results led to the conclusion that: 

(a) ICP35c, d are the unprocessed forms of the ICP35 proteins; that 

10 

(b) they can be processed into ICP35e, f ; and that 

(c) the processing requires a /ransacting factor because processing did not occur in the absence of HSV-1 (F) late 
gene expression. 

15 

Example 10 

U L 26 Can Act In trans to Process ICP35C and -d Into ICP35e and -f and U L 26 Is Competent and the Only Viral 
Protein Required for the Processing of ICP35c and -d into ICP35e and -f 

20 

[0123] To determine whether U L 26 acts in trans or in cis, BHK cells were transfected with plasmid N as the sub- 
strate for processing" and with a series of plasmids containing deletions in the U L 26 open reading frame, infected with 
HSV-1(F), and maintained at 39°C. The results (FIG. 10A) showed the following: 

25 (i) ICP35c and did not autocatalyze their processing into ICP35e and -f, inasmuch as the lysates of cells cotrans- 
fected with plasmid N and E (FIG. 1) did not contain ICP35e and -f reactive with the CMV monoclonal antibody 
(lane 8). 

(ii) ICP35c and <l were not processed in BHK cells cotransfected with plasmids N and C or I (lanes 7 and 6). Plas- 
30 mids C and I contain deletions in the promoter region and at the polyadenylation site of the U L 26 open reading 

frame, respectively (FIG. 1). 

(iii) ICP35C and -d were processed into ICP35e and -f in BHK cells cotransfected with plasmids N and A or B. Plas- 
mids A and B contain the intact U L 26 promoter and open reading frame and the U L 26 coding sequence driven by 

35 the a4 promoter, respectively (lanes 5 and 4). The a-transducing factor is HSV-1 (F) induces the a4 promoter to a 
high level at 39°C. The high level of expression of U L 26 may explain the presence of the processed forms of ICP35 
(forms e and f) in lysates of cells cotransfected with plasmids N and B (land 4). 

[0124] The results indicate that U L 26 encodes a protein involved in the processing of ICP35c and -d into ICP35e 
40 and -f. 

[01 25] To determine whether U L 26 is the only viral protein required for this processing to exclude the possibility that 
viral genes expressed by the HSV-1 (F) genome at 39°C contribute to the catalysis of ICP35, BHK cells were cotrans- 
fected with a constant amount of plasmid L and different amounts of plasmid B as the genes encoding the substrate 
and the enzyme for the processing, respectively. In plasmid L (FIG. 1), the U L 26.5 open reading frame was regulated 
45 by the <x4 promoter and the CMV epitope was inserted at the MstU restriction endonuclease site, whereas plasmid B 
contained the intact U L 26 open reading frame driven by the same promoter. Since the a4 promoter is a strong eukary- 
otic promoter constitutively expressed in transfected cells (Kristie & Roizman, 1 991 ; Post et al., 1 981 ), expression of the 
U|_26.5 and U L 26 proteins in cells transfected with plasmids L and B did not require superinfections with HSV-1 (F). The 
results (FIG. 10B) were as follows: 

50 

(i) In the absence of viral infection, ICP35c and -d were the only two species expressed in cells transfected with 
plasmid L (lane 17). The epitopically marked ICP35 expressed by plasmid L was fully processed in cells superin- 
fected with HSV-1 (F) at the permissive temperature (lane 18). As expected, plasmid B did not produce products 
reactive with the anti-CMV antibody (lane 11). 

55 

(ii) In the presence of plasmid B containing U L 26, the epitopically marked ICP35c and -d expressed by plasmid L 
were processed into ICP35e and -f. At low concentrations of plasmid B, the extent of accumulation of ICP35e and 
-f was directly proportional to the amount of U L 26 plasmid DNA cotransfected with plasmid L into BHK cells (lanes 
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12 to 16). The decrease in the amounts of ICP35e and -f observed in the presence of the highest amounts of plas- 
mid B may reflect competition between the two plasmids or reduced yield as a result of the toxicity caused by the 
high amounts of DNA. 

5 [0126] The conclusion from these studies that the product of U L 26 is the only viral factor both competent and suffi- 
cient to process ICP35c and -d into ICP35 e and -f. 

Example 11 

10 The Protease Effects Carboxyl Terminal Cleavage 

[01 27] A photograph of polypeptides from cells transfected with plasmids and either mock-infected or superinfected 
with HSV-1 (F) (HSV-1 ) or HSV-2(G) (HSV-2) either at 34°C (34°, lanes 1 and 4), at 39°C (39°, lanes 2 and 5), or at 37°C 
(lanes 3 and 6-14), electrophoretically separated in denaturing polyacrylamide gels, electrically transferred to a nitro- 
75 cellulose sheet, reacted with monoclonal antibody H725 (HSV-Ab) or CH28-2 (CMV Ab) and stained with goat anti- 
mouse IgG antibody coupled with peroxidase, is presented in FIG. 1 1 . The letters across the top of the gel identify the 
plasmid constructs with which the cells were transfected. A dash indicates that the cells were infected but not trans- 
fected. 

[0128] Another aspect of this invention is the type of cleavage effected by the protease. Processing of ICP35c, d to 

20 e, f involves carboxyl terminal proteolytic cleavage. 

[0129] Inasmuch as ICP35e, f specified by plasmid N comigrated in denaturing gels with ICP35C, d produced in 
HSV-1 infected cells (FIG. 10, Panel A, lanes 1 and 5), it may be deduced that the portion of the ICP35 cleaved during 
processing is roughly equivalent to the size of the CMV amino acid sequence inserted into plasmid N. To determine 
whether ICP35 processing involves carboxyl terminal proteolytic cleavage, BHK cells were transfected with plasmids J, 

25 R, S and W and superinfected with HSV-2. Plasmid R contained the CMV epitope (sequence A) inserted in the Pmll 
site of U L 26.5 whereas in plasmids S and W the insert was at the carboxyl terminal amino acid. Analyses of the elec- 
trophoretic separated, electrically transferred polypeptides with the anti HSV-1 (H725) and anti CMV (CH28-3) mono- 
clonal antibodies revealed the following (FIG. 11): 

30 (1) Cells transfected with plasmid J in which the CMV epitope was inserted at the Mstll site 122 amino acids 
upstream from the U L 26 stop codon made both the precursor ICP35c, d and products ICP35 e, f which reacted with 
the CMV antibody (lane 8). The decrease in the electrophoretic mobility of ICP35c, d, e and f relative to the wild 
type proteins corresponds to the increase in the molecular weight due to the insertion of the CMV epitope. 

35 (2) Only ICP35c, d were made in cells transfected with plasmid Q (Lanes 3 and 6). In this plasmid the CMV epitope 
was inserted into the Pmll site of U L 26, which is 21 amino acids upstream from U L 26.5 stop codon. The identifica- 
tion of the ICP35c, d forms was based on the observation that they co-migrated with the corresponding forms spec- 
ified by plasmid L which expressed only ICP35c, d in transfected cells (FIG. 1 0, Panel B, lane 1 7). 

40 (3) Insertion of sequence C into plasmid R at Pmll restriction endonudease site destroyed this site and created a 
new Pmll cleavage site between the carboxyl terminal amino acid and the stop codon of U L 26 without changing the 
amino acid sequences of either U L 26 or U L 26.5. ICP35C, d, e and f detected with H725 monoclonal antibody co- 
migrated with the authentic proteins (lane 11), indicating the insertion of sequence C had no effect on ICP35 
expression and processing. 

45 

(4) In plasmid S and W the CMV epitope was inserted into the new Pmll site of plasmid R at the carboxyl terminus 
of U L 26.5. Cells transfected with these plasmids accumulated ICP35c, d e, and f reactive with HSV-1 H725 mono- 
clonal antibody (lanes 10, 14) but only the ICP35c and d forms reacted with the CMV CH28-2 monoclonal antibody 
(lanes 9, 14). The significant finding is that whereas ICP35c, and d forms of plasmid S co-migrated with the corre- 
so sponding forms of plasmid J, i.e. they were 21 amino acids longer than wild type, the ICP 35e, f indicating that the 
inserted amino acid sequence encoding the CMV epitope was removed (lanes 9 and 10). The products specified 
by plasmid W behaved in the same manner (FIG. 11). ICP35e, and f specified by plasmid W were more abundant 
than those specified by plasmids S and R possibly because in plasmid W the entire U L 26 open reading frame was 
reconstituted and more of the protein product was expressed and made available to process ICP35. 

55 

[0130] The cleavage of the precursor ICP35 protein is approximately 20 amino acids from the carboxyl terminal 
codon. Evidence for this conclusion was that 
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(1) insertion of the CMV epitope 21 amino acids from the terminus interfered with the cleavage, whereas insertion 
of the epitope at the carboxyl terminus enabled the cleavage to take effect; 

(2) the comigration of ICP35e\ and f (with CMV epitope) and ICP35c, d. The comigration places the CM V-inserted 
5 e and f in the same approximate gel location as c, d in the authentic protease. 

[0131] An unexpected correlation between the cleavage mechanism used to produce the ICP35 subunrts and to 
autoprocess the U L 26 protease was that both involve carboxyl terminal proteolytic cleavage. In the preceding sections, 
it was demonstrated that U L 26 is the only viral factor responsible for the carboxyl terminal proteolytic processing of 
10 ICP35. U L 26 coding for the protease and U L 26.5 coding for ICP35 also share the same carboxyl terminal amino acid 
sequence. The possibility that U L 26 cleaves itself emerged from the observation that in BHK cells transfected with plas- 
mid P (FIG. 1) and superinfected with HSV-1(F) either at 34°C or at 39°C expressed a doublet band of U L 26 (FIG. 1 1 , 
lane 4 and 5) which reacted with CH28-2 monoclonal antibody. This observation suggested the possibility that U L 26 
may catalyze its own cleavage because HSV-t(F) expresses primarily a genes at 39°C. 

15 

Example 12 

The Protease Cleaves Itself 

20 [01 32] In FIG. 1 2 an autoradiographic image of 35 S-methionine labeled polypeptides encoded by U L 26 open read- 
ing frame, and e[ectrophoretically separated in a d enaturin g polyacrylamide gel, is shown. The U L 26 open reading 
frame contained in piasmids U and V (FIG. 1) was transcribed in vitro and translated in a nuclease-treated rabbit retic- 
ulocyte lysate. The lanes shown represent positions removed from the translation mixture at 10, 20, 90, and 360 min- 
utes post initiation of translation. For samples shown in lanes 4-7 and 12-15, cycloheximide was added to the 

25 translation mixture at 10 minutes post initiation of translation to inhibit further translation. In the case of lanes 1-3, the 
translation mixture at 1 0 minutes post initiation of translation was diluted 1 0-fold in phosphate-buffered saline containing 
cycloheximide (100 ng/ml). 

[01 33] Additional evidence that U L 26 can catalyze its own cleavage emerged from in vitro studies. RNA transcribed 
from piasmids U or V (FIG. 1) in vitro by T7 of Sp6 RNA polymerases were translated in a nuclease treated rabbit retic- 
30 ulocyte lysate in the presence of [ 35 S]-methionine. Analyses of the electrophoretically separated products of the trans- 
lation reaction were as follows (FIG. 12): 

(1) Incubation of the translation products of the U plasmid in the presence of cycloheximide resulted in gradual 
accumulation of the cleavage product (Prb) of the U L 26 protein. The amount of accumulated cleavage product was 

35 proportional to the duration of the incubation (lanes 1 6-1 9). 

(2) Identical results were obtained with the translation of products of plasmid V. The significance of this experiment 
stems from the presence of the CMV epitope at the carboxyl terminus of U L 26. As expected, the precursor form of 
U L 26 made from plasmid V migrated more slowly than the authentic protein derived from plasmid U. However, the 

40 processed from of U L 26 synthesized from plasmid V co-migrated with that of the authentic protein from plasmid U, 
indicating that the U L 26 autoprocessing involves carboxyl terminal proteolytic cleavage. 

Example 13 

45 Cleavage of ICP35c,d and Pra are Sequence Specific and are at the Same Site 

[01 34] Autoradiographic images (FIG. 1 3, Panel A) and a photograph of polypeptides (FIG. 1 3, Panel B) either syn- 
thesized in vitro from sequences encoded in piasmids U or Y or contained in lysates of cell transfected with piasmids X 
or 2 and superinfected with HSV-1(F) or HSV-1(G) are presented in FIG. 13. The in vitro synthesized polypeptides and 

so those contained in cell lysates were electrophoretically separated in the same denaturing 12% polyacrylamide gel, 
electrically transferred to a nitrocellulose sheet, and reacted with monoclonal antibody anti-mouse IgG conjugated with 
horseradish peroxidase (Anti-IgG) only, or with this anti-IgG antibody in addition to the monoclonal antibody H725 (HSV 
Ab) or CH28-2 (CMV Ab). A dash indicates that the cells were infected but not transfected. The polypeptides shown in 
panel A were labeled with 35 S-methionine. The band designations were as follows: Letters c, d, e, f. without primes 

55 identify authentic ICP35 products of U L 26.5 open reading frame. Pra and Prb are the translation processed forms of 
the protease products of the U L 26 open reading frame. The double and triple primes indicate that the protein also con- 
tains the CMV epitope and the sequence encoding two IgG and five IgG binding domains of staphylococcus protein A, 
respectively. PA" and PA"' are the carboxyl terminus products of the cleavage of the ICP35C, d and Pra proteins con- 
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taining inserts of CMV epitope and IgG binding domains. 

[01 35] The cleavage of ICP35c, d and Pra are sequence-specific and are at the same site. The results of the exper- 
iments presented herein suggested that the cleavage/processing of the products of U L 26 and U L 26.5 occurred at a site 
approximately 18-25 amino acids from the carboxyl terminus of the proteins. To demonstrate that the processing of 
these proteins occurs at the predicted site, it was necessary to demonstrate both products of the cleavage reaction on 
the same gel. In order to visualize both products, it was necessary to insert into the coding sequence at the predicted 
carboxyl terminus both the epitope for the CMV monoclonal antibody and the sequences encoding the IgG binding 
domains of staphylococcal protein A. Plasmids X and Z were constructed by inserting in frame the sequences coding 
for 129 and 256 amino acids comprising two and five IgG binding domains of protein A, respectively, in frame between 
the 3' terminus of the CMV epitope and the stop codon of U L 26 (FIG. 1). 

[0136] Two experiments were done. In the first, the HSV-1 open reading frames in plasmids U and Y were tran- 
scribed and translated for six hours. The proteins translated in vitro were then electrophoretically separated in a dena- 
turing gel (FIG. 13, Panel A). In the second experiment, BHK cells were transfected with plasmids Z or X and then 
superinfected with HSV-2(G). The cell lysates were electrophoretically separated in the same gel as that used for the 
separation of the in vitro translated protein, electrically transferred to a nitrocellulose sheet, and reacted with antibody 
to CMV, HSV, or with anti-IgG antibody that would bind to IgG binding domains of protein A (FIG. 13, Panel B). The 
results were as follows: 

(i) Autocatalytic processing of the in vitro transcribed, translated HSV-1 sequences in plasmid U yielded as 
expected the protein bands designated as Pra and Prb. Similar autocatalytic processing of the products of the Z 
band yielded three bands. The first band migrated slower than the authentic precursor Pra band, as would be 
expected from the presence of additional 256 amino acids of protein A and the 21 amino acids constitution the CMV 
epitope. The second band co-migrated with the Prb band and is therefore the product of the autocatalytic cleavage 
of the translation product. The third band co-migrated with the bands described below and which reacted with the 
CMV as well as with the anti-IgG antibody. 

(ii) the expected translation products of the plasmid X were ICP35c, d and Pra. It could be expected that the trans- 
lation products of the plasmid Z should be similar except that, because of the smaller inserts of the protein A 
sequences, these proteins should migrate correspondingly faster than those of the plasmid X. This was in fact the 
case (compare lanes 3,5 and 8 with those of 4, 6 and 9). It could also be predicted that if the cleavage of the 
ICP35c, d, occurs as expected 20 amino acids from the carboxyl terminus of the authentic protein, that the amino 
terminus products of the cleavage reaction should co-migrate with the authentic ICP35 and react only with the HSV- 
1 monoclonal antibody. This was in fact the case inasmuch as ICP35e and f produced by plasmid Z and X (lanes 5 
and 6) co-migrate with the authentic ICP35e and f (lane 7) and were detectable solely by the HSV-1 specific mon- 
oclonal antibody. Conversely, it could be expected that the carboxyl terminus products of the cleavage reaction 
should migrate in accordance with their size, and should react with both anti IgG and CMV antibodies. As shown in 
Panel B of FIG. 7 the bands reactive with the anti IgG antibody from lysates of cell transfected with plasmid X 
migrated slower than the corresponding Z bands. However, because all of the carboxyl terminal cleavage products 
contained the IgG binding domains of protein A, all of the protein products would be expected to react with IgG irre- 
spective of specificity of the immunoglobulin (e.g., bands 5 and 6). 

[0137] Inasmuch as both products were detected, the results indicate that ICP35c, d and Pra, the products of the 
U L 26.5 and U L 26 t respectively, are both translationally processed by cleavage. Because the two proteins share amino 
acid sequences for the entire length of ICP35c, d and because the products of the cleavage of the two proteins co- 
migrate, the two proteins are cleaved at identical sites. Finally, the translational products of both open reading frames 
in vitro resolve into double bands. The double bands are particularly noticeable in the case of ICP35 (forms c and d). 
In all of the experiments done to date including those shown in FIG. 1 1 the carboxyl terminal product of the cleavage 
formed a single band. This observation is consistent with the hypothesis that the differences in the proteins which form 
the doublets are at the amino rather than the carboxyl termini of the proteins. 

Example 14 

Expression System of Protease as an Assay 

[0138] Shown in FIG. 14 is the autoradiographic image of 35 S- methionine labeled polypeptides encoded by U L 26 
open reading frame electrophoretically separated in a denaturing gel. The U L 26 open reading frame contained in plas- 
mid U and Y (FIG. 1) was transcribed in vitro and translated in nuclease treated rabbit reticulocyte lysates. Lane 1 
shown represents the portion removed from the translation mixture at 360 minutes post initiation of translation. Lanes 
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2-5 shown represent portions removed from the translation mixture either at 10 minutes (0) or at 360 minutes (360) post 
initiation of translation. For samples shown in lanes 2-5, the equivalent amount of translation mixture at 10 minutes post 
initiation of translation was diluted 20-fold in phosphate-buffered saline containing cycloheximide (100 microgram/ml) 
and either sodium dodecyl sulphate (SDS) (0.4%) (lane 3) or phenylmethanesulfonyl fluoride (PMSF) (500 micro- 
5 grams/ml) (lane 4). 

[0139] As shown in FIG. 14, PMSF was capable of partially inhibiting the protease self -cleavage. In lane 5, normal 
self cleavage is shown. In line 3, there is 100% inhibition by SDS. The interpretation of Fig. 14 is that 1) SDS, a dena- 
turing detergent, completely inhibits protease activity (lane 3); 2) the protease can self -cleave in the absence of a pro- 
tease inhibitor; and 3) there is partial inhibition of protease by PMSF, a serine protease inhibitor. 

10 

Example 15 

Characterization of Domains of the Protease Protein 

15 [0140] Characteristics of the protease protein include: (i) it contains several domains which are not required for its 
catalytic activity and (ii) the active site is near the amino terminus of the protease. 

[0141] The experimental design employed to arrive at these characteristics was based on two observations. First, 
insertion of additional amino acid sequences including the IgG binding domains from staphylococcal protein A into the 
carboxyl terminus of the protease does not interfere with the self cleavage of the protease, but yields a readily detecta- 
20 ble product of the reaction. Second, insertion of the sequence encoding a 20 amino acid epitope of human cytomega- 
lovirus monoclonal antibody in frame into the coding domains of the U L 26 and U L 26.5 ORFs serves two purp ose s. 
Foremost, it serves to identify specifically the products of these ORFs. Second, by separating the various domains of 
the protease, it serves to identify regions of the protease which must be contiguous for its catalytic function. 

25 A. Delineation of the functional domains of the UL26 protein. 

[0142] Three sets of mutants of the U L 26 protease (Table I) were used to explore the protease domains. Set 1 was 
prepared for mapping of the U L 26 and U L 26.5 open reading frames and consisted of 3 U L 26 genes into which were 
inserted in frame at various sites, DNA sequences encoding a 20 amino acid CMV epitope. 
30 [0143] The second set consisted of 1 0 U L 26 gene constructs with either stop codons or deletions spanning various 
regions of the gene (Table I). 

[0144] Set 3 consists of 6 U L 26 genes containing substitutions in predicted amino acid sequences starting in the 
region of amino acids 7 to 215. As described in the following sections, the U L 26 gene in each of these plasmids was 
expressed from an a4 promoter. The target of the protease was usually the U L 26.5 gene cloned in plasmid L (FIG. 1) 
35 and containing in frame the CMV epitope insert. The exceptions, clones P and J contained the U L 26 gene containing 
the CMV epitope either in the coding sequence of both the U L 26 and U L 26.5 gene (plasmid J) or only in the U L 26 coding 
domain (plasmid P). 

[0145] Typically, BHK cells were transfected with plasmid L and one of the plasmids encoding a protease, and 
superinfected with HSV-1 (F) at 39°C. The cell lysates were electrophoretically separated in denaturing gels, transferred 

40 to a nitrocellulose sheet and reacted with the HSV monoclonal antibody H725 which reacts with all U L 26.5 products and 
CMV monoclonal antibody CH28-2 which reacts only with the U L 26.5 products which contain the CMV epitope (see 
FIG. 15). Because the HSV-1 (F) contains a temperature sensitive lesion in the a4 genes specifying the major HSV-1 
regulatory protein, it does not express its own U L 26 protease or substrate at 39°C. However, the a-gene frans -inducing 
factor (VP16) is functional at higher temperatures (Post et al., 1981; Batterson et al., 1983) and transactivates the 

45 expression of the genes specifying both the protease (U L 26) and the substrate (U L 26.5). The results (FIG. 15) were as 
follows: 

(1) The U L 26.5 gene resident in the viral genome yielded protein bands reactive with the HSV monoclonal antibody 
at 34°C (lanes 1 and 14) but not at 39°C (lanes 2 and 15). Furthermore, the presence of the products of proteolytic 

so cleavage (bands e and f) indicate that the viral protease encoded by U L 26 was also made at 34°C. 

(2) The U L 26 protease encoded in the viral genome was not expressed at 39°C (lane 3). Thus in the absence of 
the plasmid encoding the protease, the substrate encoded by plasmid L was made (bands c, d) but not cleaved to 
yield bands e, f indicating that the proteases encoded in the viral genome was not expressed at the non permissive 

55 temperature. 

(3) Only the precursor forms of ICP35 c, d derived from plasmid L accumulated in cells transfected with the mutated 
U L 26 genes in plasmids H (lane 4), G (lane 5), CC (lane 7), D (lane 9), DD (lane 11), FF (3 lane 13), and II (lane 
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21), and JJ (lane 23). In these plasmids, the protease activity of the gene product was inactivated. 

(4) Both the precursor and product forms of ICP35 derived from Plasmid L accumulated in cells transfected with the 
mutated U L 26 genes AA (lanes 6), B (FIG. 15, lane 8), BB (lane 10), EE (lane 12), GG (lane 20), HH (3 lane 19), 
and KK (lane 22), P (lane 25), MM (lane 26) and NN (lane 27). 

(5) As noted above, in plasmid P the 20 amino acid epitope was inserted after the amino acid 218, i.e. upstream 
from the coding domain of the substrate protein encoded by U L 26.5. The protease encoded by plasmid P cleaved 
itself (lanes 16, 17) and ICP 35 (lane 25). Plasmid J contained the CMV insert after the amino acid 514 (FIG. 1). In 
the assays (lane 18), it cleaved the product of the U L 26 encoded in plasmid J itself. The only cleavage product 
detected in this assay was band e. Because the epitope was also inserted into the U L 26.5 protein, it is conceivable 
that the inserted 20 amino acid epitope interfered with, and diminished the efficiency of, the cleavage. The protease 
encoded by plasmid Q (FIG. 1 and Table I) encodes a protease which cleaved the product of the U L 26 genes spec- 
ified by other plasmids, but not by the gene encoded in its own domain 
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TABLE I 

List of mutations in the gene encoding the U L 26 protease 
Designation Mutation introduced into wild type gene 

Insertion Mutants (20 amino acid CMV epitope) 

P Insertion after amino acid 218. 
J Insertion after amino acid 514. 
Q Insertion after amino acid 615. 

Construction of deletion mutants 


D 

Deletion of amino 

acids 

1-220. 



G 

Deletion of amino 

acid 219-615. 



££ 

Deletion of amino 

acids 

1-9. 



FF 

Deletion of amino 

acids 

1-32. 



AA 

Insertion of stop 

codon 

after amino 

acid 

615 

BB 

Insertion of stop 

codon 

after amino 

acid 

514 

CC 

Insertion of stop 

codon 

after amino 

acid 

287 

DD 

Insertion of stop 

codon 

after amino 

acid 

218 

MM 

Insertion of stop 

codon 

after amino 

acid 

306 

m 

Deletion of amino 

acid 307-635 




Amino acid substitutions 

GG Gly 7 AspArg with SerArgThr (new Xbal site)' 

HH Aspj^erGly with LeuAspMet (new Xbal site) 

II His 6l with Val (new Aatll site) . 

JJ His l4l with Ala (new PstI site) . 

KK Ser 2lJ with Ala (new Nhel site) . 

LL Asp M with Ala (new Nhel site) 

*Tbe wbrtitutod tequencea were u follows: pUanid OG: CCGGGAGACCGATG w itb CCGTCTAQAACCATO; p tumid 
HH: TATOACAOCOOOGAC win TATCTAGACATOGAC; plumid II: GACCACCGC with GACOTCCGC; pUmid JJ: 
OCOCACOTCwiih OCTOCAOTC; pUmid KJC ACOCTTTCCACC witb ACOCTAGCCACC; plumid LL: 
OOOOACTCXXX)Owrth OOOGCTAOCOOC. 

because the epitope inserted after amino acid 615 interfered with the cleavage. 
[0146] FIG. 16. is a summary in the form of a schematic representation of the results of the mutagenesis studies. 
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The numbers refer to the amino acid numbers predicted from the nucleotide sequence of the U L 26 ORF reported by 
McGeoch et al. (1988). The amino acids shown for insertion are immediately preceding the site of insertion. The amino 
acids are identified by a single letter code. Open symbols indicates that the protease was functional. Closed symbols 
indicates the protease was inactivated by mutagenesis. The line at the bottom of the figure identifies the domains of the 
protese (Nos. I-IV) The restriction endonuclease sites were abbreviated as follows: B: BstEII, H: Hpal, M: Mstll, P: 
Pm1 1. Me represents the methionine translation initiation codon of U L 26.5 open reading frame. 

B. Characteristics of the domains of the U L 26 protease . 

[0147] The results shown in FIG. 15 and summarized in FIG. 16 indicate that the U L 26 protease consists of 4 
domains of which two are dispensable and two are not. The dispensable domains I and IV extend from amino acid 1 
through 9, but not to 32, and from the carboxyl terminus (amino acid 635) to at least 307 but not to amino acid 287, 
respectively. The domain No. Ill appears to extend from at least amino acid 218 to at most amino acid 306. This domain 
can be displaced by at least 20 amino acids (CM V epitope insertion after amino acid 21 8) relative to the amino terminal 
portion of the protease. Domain No. II is also not dispensable and apparently is located between amino acids 10 and 
218. 

C. The catalytic domain of the Ul26 protease . 

[0148] The studies with protease inhibitors suggest that the U L 26 could be predicted to belong to either the chymo- 
trypsin or subtilisin superfamilies of serine proteases (Kraut, 1977; Neurath, 1983). A shared property of the two serine 
protease superfamilies are active sites containing histidine, aspartic acid, and serine amino acids. 
[0149] The substrate of the protease, ICP35 has been reported to play a role as a scaffolding protein in the assem- 
bly of the HSV capsid (Newcomb et al., 1991). The sequence of events in the replication of other herpes viruses is sim- 
ilar, and homologues of ICP35 have been reported (Robson and Gibson, 1989). Of particular interest was the question 
whether homologues of the U L 26 ORF in other herpes viruses contained conserved histidine, aspartic acid and serine 
amino acids which triad plays a role in the proteolytic activity of U L 26 protease. 

[01 50] Nucleotide sequence comparisons indicate that the ORF 33 of varicella zoster virus and the CM V U L 80 ORF 
of human cytomegalovirus encode homologues of the U L 26 ORF of HSV-1 (McGeoch et al., 1988; Chee et al., 1990; 
Davison and Scott, 1986). The amino acid sequence comparison between HSV U L 26, CMV U L 80 and VZV gene 33 
protein indicated the amino terminus is the most conserved domain of the Ul26 protease. The conclusion that the pro- 
tease maps in the amino proximal domain of the U L 26 ORF is consistent with the observation that ICP35, the product 
of U L 26.5 ORF, is devoid of enzymatic activity. To explore the conserved amino acids in the amino proximal domain of 
U|_26, the substitutions in the amino acids encoded in plasmids GG, 1 1, JJ, KK and LL probed Asp 31 Ser 32 , Asp 34 , His 61 , 
His^. and Ser 2 is. The results indicated that the only amino acids whose substitutions abolished enzymatic activity 
were the conserved histidines at positions 61 and 148. In anticipation of more defined mapping studies, the catalytic 
domain of the protease most likely maps in domain II of the U L 26 protease. 

D. The function of the other domains of U L 26 protease . 

[0151] The functions of the domains I, II and III are not known. Because the substrate, ICP35 aggregates to form 
the scaffolding of the HSV capsids, it is likely that the protease is also involved in the scaffolding and that at least 
domain III and possibly also I and IV are required to complex with ICP35. 

Example 16 

The U L 26 gene encodes a serine protease 

[0152] The 20 amino acid CMV epitope described herein and the 256 amino acid IgG binding domain of protein A 
(plasmid Y, FIG. 1) were inserted between the terminal amino acid and the stop codon of U L 26 ORF. Transcripts of the 
coding domain of plasmid Y by the Sp6 RNA polymerase were translated in a nuclease-treated rabbit reticulocyte lysate 
in the presence of [ 35 S]-methionine for 10 min. The cycloheximide was added to stop further translation and, the trans- 
lation product of the Y plasmid was incubated for another 6 hours to allow self-cleavage in the presence of protease 
inhibitors. The products of the reaction were then electrophoretically separated on denaturing poiyacrylamide gels. 
Autoradiographic images of the electrophoretically separated polypeptides translated in vitro in a nuclease-treated rab- 
bit reticulocyte lysate from the synthetic RNAs transcribed in vitro off the U L 26 ORF cloned in plasmid construct Y are 
shown in FIG. 17. The lanes shown represent portions denatured for electrophoresis immediately after the 10 minute 
synthesis (lane 15, 28) or after an additional 6 hours of reaction in the presence of cycloheximide (100^g/ml) alone or 
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with protease inhibitors (*iM) shown (lanes 1 -4, 1 6-27, and 29-47). All the protease inhibitors were dissolved in dimethyl 
sulfoxide (DMSO) prior to use. 

The results (FIG. 1 7) were as follows: 
[0153] 

(1) The products of the 10 minute translation formed a single labeled polypeptide band containing the uncleaved 
protease (Pra) (lanes 15 and 28). 

(2) After six hours of reaction in the presence of cycloheximide (100 ug/ml) but in the absence of protease inhibi- 
tors, the translation mixture formed three bands corresponding to the intact translation product (Pra), the amino ter- 
minal (Prb), and the carboxyl terminal (PA) portions of the cleavage products of the translation (lanes 9, 10, 21 , 22, 
and 33). 

(3) The amounts of cleavage products, Prb and PA were reduced in translation mixtures reacted in the presence of 
cycloheximide and the lower concentrations of the serine protease inhibitors diisopropyl fluorophosphate (DFP, 
Sigma, St. Louis, Ml), L-1-tosylamido-2-phenylethyl chloromethyl ketone (TPCK, Sigma), A/-a-p-tosyl-L-lysine chlo- 
romethyl ketone (TLCK, Sigma), phenytmethylsulfonyl fluoride (PMSF, Sigma), and chymostatin (Boehringer Man- 
nehim, Indianapolis, IN). At the highest concentrations tested the digestion products were not detected (lane 1 , 29, 
34,_39, and 44). (4) The c leava g e of the translation produc t (Pra ) was n ot affected b y the cysteine protease inhib i- 
tors iodoacetic acid (Sigma) and cystatin (Boehringer Mannheim; lanes 5-9, 22-27), by ethyleneglycol-bis (p-ami- 
noethyl ether), N, N, NT, N',-tetraacetic acid (EGTA), a chelator and inhibitor of metalloprotease (lanes 12-14), or by 
the aspartic acid protease inhibitor pepstatin (Boehringer Mannheim; lanes 15-21). 

[0154] These results are consistent with the hypothesis that U L 26 gene product is a serine protease. 

Example 17 

Detection of a Candidate Inhibitor Substance 

[0155] In still further embodiments, the present disclosure concerns a method for identifying new herpes viral pro- 
tease inhibitory compounds, which may be termed as "candidate substances." It is contemplated that this screening 
technique will prove useful in the general identification of any compounds that will serve the purpose of inhibiting the 
herpes protease. It is further contemplated that useful compounds in this regard will in no way be limited to proteina- 
ceous or peptidyl compounds. In fact, it may prove to be the case that the most useful pharmacologic compounds for 
identification through application of the screening assay will be non-peptidyl in nature and, e.g., which will be recog- 
nized and bound by the enzyme, and serve to inactive the enzyme through a tight binding or other chemical interaction. 
[0156] Thus, in these embodiments, the present invention is directed to a method for determining the ability of a 
candidate substance to inhibit the protease encoded by the U L 26 open reading frame, the method including generally 
the steps of: 

(a) obtaining a composition comprising a herpes protease that is capable of cleaving its own amino acid sequence, 
or cleaving the ICP35 protein or any amino acid sequence containing the cleavage site for this protease; 

(b) admixing a candidate substance with the protease composition; and 

(c) determining the ability of the protease to effect cleavage in the presence of the candidate substance. 

[0157] An important aspect of the candidate substance screening assay hereof is the ability to prepare a protease 
composition in a relative purified form, for example, in a manner as discussed herein. This is an important aspect of the 
candidate substance screening assay in that without at least a relatively purified preparation, one will not be able to 
assay specifically for protease inhibition, as opposed to the effects of the inhibition upon other substances in the extract 
which then might affect the protease. In any event, the successful isolation of the protease now allows for the first time 
the ability to identify new compounds which can be used for inhibiting this herpes related protein. 
[0158] The candidate screening assay is quite simple to set up and perform, and is related in many ways to the 
assay discussed above for determining protease activity. This, after obtaining a relatively purified preparation of the pro- 
tease, one will desire to simply admix a candidate substance with the protease preparation, preferably under conditions 
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which would allow the protease to perform its cleavage function but for inclusion of a inhibitory substance. Thus, for 
example, one will typically desire to include within the admixture an amount of a known protease substrate such as the 
amino acid sequence coded by the U L 26.5 coding sequence or at least the cleavage site at which the protease cleaves 
ICP35 c, d into e and f. In this fashion, one can measure the ability of the candidate substance to reduce or alter deav- 
5 age of the herpes protease substrate relatively in the presence of the candidate substance. 

[01 59] Accordingly, one will desire to measure or otherwise determine the activity of the relatively purified protease 
in the absence of the assayed candidate substance relative to the activity in the presence of the candidate substance 
in order to assess the relative inhibitory capability of the candidate substance. 

[0160] In still further embodiments, the present disclosure is concerned with a method of inhibiting a protease 
10 which includes subjecting the protease to an effective concentration of a protease inhibitor such as one of the family of 
peptidyl compounds discussed above, or with a candidate substance identified in accordance with the candidate 
screening assay embodiments. This is, of course, an important aspect in that it is believed that by inhibiting the herpes 
protease, one will be enabled to treat various aspects of herpes infections. It is believed that the use of such inhibitors 
to block the action of the protease to produce capsid proteins will serve to treat or palliate the infection, and may be use- 
rs ful by themselves or in conjunction with other herpes therapies. 

1. Markers (Tracers) 

[0161] Two monoclonal antibodies were used as markers (tracers), one to a stationary epitope encoded by both 
20 U L 26 and U L 26.5 open reading frames and one reactive with a "movable epitope." The latter was an indispensable tool 
in the identification of the products of the two open reading frames, in the determination of the function of the proteins, 
and in mapping of the cleavage site. Without the "movable epitope," analysis would depend solely on radioactive tracers 
or monoclonal antibodies to oligopeptides corresponding to various domains of the genes. The movable epitope offers 
instant antibody to the product of any open reading frame and, when used in the context of the present invention, it 
25 enormously facilitated identification of the function of the product of the gene into which it has been inserted. 

[0162] By inserting the coding sequence of an epitope reactive with a cytolomegalovirus monoclonal antibody and 
homologs of the IgG binding domain of staphylococcus protein A into the 3' termini of the coding domains of the two 
open reading frames, the products of the protease cleavage were identified, the cleaved protease, designated Prb, and 
ICP e and f . It was also determined by this methodology that the cleavage site for the ICP35 proteins and that separat- 
30 ing the total protease sequence into Pra and Prb t is approximately 20 amino acids from the carboxyl termini of both the 
protease and the ICP precursor. 

[0163] As an example of the investigation of the herpes genome using plasmids with markers, the effect of one of 
the marker-inserted plasmids, S (FIG. 1), used to transfect cells with a portion of the herpes genome is illustrative. In 
this plasmid the CM V epitope was inserted at the carboxyl terminus of the sequence of ICP35. The cells infected with 

35 a portion of the herpes genome in this fashion were then collected and disrupted so that proteins within the cells could 
be analyzed. These proteins were then electrophoretically separated by molecular weight into bands. ICP35 is immu- 
nologically identifiable by the HSV antibody. The CMV epitope was sought among the bands by applying the antibody 
to the epitope and detecting a signal indicating the production of an antigen-antibody complex. Results of this immuno- 
logical analysis showed that the CMV epitope was detected in bands c and d, but not in e and f. This indicated that 

40 cleavage of the carboxyl terminus of c and d had taken place to form e and f. 

2. Cell Free Protein Synthesis 

[0164] Another useful technique was a cell free protein synthesizing system. RNA's corresponding to the mRNA'S 
45 of U L 26 and U L 26.5 were transcribed by Sp6 RNA polymerase and translated in nuclease-treated rabbit reticulocyte 
lysates, a cell-free, "ribosome machine." The proteins translated in cell free systems in vitro were labelled with radioac- 
tive labels, separated by gel electrophoresis, and subjected to autoradiography to locate the band containing labels. 
There were two sets of experiments using this general methodology: 

so (i) Incubation of the translation products of the U plasmid in the presence of cycloheximide which resulted in grad- 
ual accumulation of the cleavage product (Prb) of the U L 26 protein. The amount of accumulated cleavage product 
was proportional to the duration of the incubation (FIG. 12, lanes 12-15). 

(ii) Identical results were obtained with the translation products of plasmid V (lanes 4-7). The significance of this 
55 experiment stems from the presence of the CMV epitope at the carboxyl terminus of U L 26. As expected, the trans- 
lation product Pra of U L 26 made from plasmid V migrated more slowly than the authentic protein derived from plas- 
mid U. However, the processed form Prb of U L 26 synthesized from plasmid V comigrated with that of the authentic 
protein from plasmid U, indicating that the U L 26 autoprocessing involves carboxyl terminal proteolytic cleavage. 
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3. HSV-1 (R. a Temperature Sensitive Mutant 

[0165] Another tool used in the analysis of the HSV genome was HSV-1(F), a temperature sensitive mutant which 
at 39°C does not express its own U L 26 and U L 26.5 open reading frame. Rather, HSV-1(F) at the non-permissive tem- 
s perature induces a-gene promoters (Post et al., 1981) and expresses primarily the a type genes. 

4. Identification and Use of Protease Inhibition 

[0166] If the action of the protease is inhibited, the capsid cannot be produced and the virus will not be replicated. 

10 This inhibition may be either at the level of transcription, translation, or protein action. Interference with transcription 
would necessitate interference with mRNA formation on a DNA template. Interference with translation would necessi- 
tate interfering with the synthesis of proteins on the mRNA template. Alternatively, the action of the protease may itself 
be disrupted either by destroying the structure of the protease, in particular its proteolytic module, altering the cleavage 
site of its substrate, or binding the protease to irreversible inhibitors. 

75 [01 67] Specifically designed peptides which block the function of the protease are extremely valuable in preventing 
and treating herpes infections. Embodiments of these blockers include any substrate analogues or serine protease 
inhibitor, e.g., oligopeptides or their derivatives which contain the amino acid sequence of the cleavage site recognized 
by the protease. Methods for identifying suitable protease inhibitors from candidate substances are disclosed in Exam- 
ple 17. 

20 [0168] It is an additional object of the present disclosure to provide a ready means for producing the viral protease 
for use in detecting inhibitors, to develop treatment modalities, to develop antibodies for detection of viral infection, and 
to develop inactive mutants of the protease. 

[0169] An exemplary embodiment for preparing the protease protein is to prepare a nucleic acid segment which 
includes a nucleic acid sequence capable of encoding the desired protease protein or polypeptide. This segment may 

25 be that which encodes the entire protease or only some portion of it, for example, the proteolytic domain of the pro- 
tease. The segment may be as small as that capable of triggering a positive signal with an antibody, thereby, identifying 
the presence of a viral infection. Segments functionally equivalent to those shown in FIG. 1 , which were developed in 
the present invention, may also be selected depending on the desired polypeptide to be produced. Functional equiva- 
lence may be determined by testing whether the segment can cleave either the ICP35 precursor or the Pr protease, for 

30 example, using techniques disclosed herein to detect protease inhibitors from among candidate substances. 

[0170] The nucleic acid segment selected is transferred into an environment appropriate for expression of the seg- 
ment as a polypeptide. This environment may be a vessel containing a mixture capable of inducing expression, e.g., a 
rabbit reticulocyte lysate. Alternatively, the segment may be transferred to a host cell by transformation, transfection via 
a recombinant expression vector, electroporation, or a "gene gun." The host cell may be selected from BHK cells, Vero, 

35 Hela, E. coli, and the like. 

[0171] The recombinant expression vector may include a promoter. Embodiments of promoters are the a4 pro- 
moter, the native promoter of U|_26.5, and any other prokaryotic or eukarystic promoters. 

[01 72] In another embodiment, the nucleic add segment may be prepared by obtaining genomic nucleic acids from 
herpes cells, amplifying a proteolytic site-conserved nucleic acid sequence region within the genomic nucleic acids, 
40 preparing recombinant clones which include said amplifying nucleic acid sequences, and selecting clones which com- 
prise the desired amplified nucleic acid sequence. 

[0173] The viral protease may also be prepared by obtaining a sample which contains the protease, homogenizing 
the sample, and fractionating the homogenate to obtain a protease fraction. Samples which contain the protease will 
include biological samples, for instance, virally infected tissues. 

45 

5. Treatment of Herpes Infections 

[0174] Treatment modalities contemplated include topical and systemic medicants. For dermal and epidermal 
lesions, creams, ointments or sprays containing a protease inhibitor, are contemplated. Alternatively, systemic treat- 
so ment by intravenous injection or ingestion is envisioned to prevent the deleterious outbreak of viral replication due to 
reactivation of latent viral inhabitants of host cells. 

6. Virus and Cells 

55 [01 75] The properties of HSV-1 (F) and HSV-2(G), the prototype HSV-1 and HSV-2 strains, respectively, used in this 
invention, and the maintenance and propagation of the thymidine kinase minus baby hamster kidney (BHK) cells have 
been described previously and are incorporated herein by reference (Arsenates et al., 1986; Ejercito et al., 1968; Roiz- 
man and Spear, 1968). 
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7. Monoclonal Antibodies 

[0176] Monoclonal antibody H725 and CH28-2 to ICP35 and CMV glycoprotein B, respectively, have been 
described previously (Braun et aL, 1983, 1984; see also Zweig, 1980, Liu and Roizman. 1991). The monoclonal anti- 

5 body H725 reacts with ICP35 of HSV-1 but not with HSV-2 proteins (Braun et al., 1983, 1984). CH28-2 was obtained 
from L. Pereira (Liu and Roizman, 1991 a; Braun et al., 1 984). As a substitute, any commercial antibodies for any known 
epitope may be used. CH28-2 is a monoclonal antibody directed against human cytomegalovirus (CMV) glycoprotein 
B. The epitope of this antibody has been mapped to a 20-amino-acid peptide, N-KGQKPNLLDRLRHRKNGYRH-C, by 
assaying the reactivity of a series of overlapping peptides synthesized according to the predicted nucleotide sequence 

10 of the protein. 

8. In Vitro Transcription and Translation 

[0177] 5ng of Plasmid DNA templates linearized with EcoRI or HindlW were prepared and transcribed in the pres- 
15 ence of cap analog GppG (New England Biolabs, MA) with Sp6 or T7 RNA polymerase as recommended by Promega 
Biotec, Madison, Wl. One \ig amounts of the RNAs were translated for ten minutes in 50 nl reaction mixtures containing 
nuclease-treated rabbit reticulocyte lysate (Promega Biotech, Wl) and [ 35 S]-methionine (Dupont, NEN Research Prod- 
uct), and the translation was then terminated either by the addition of a disruption buffer (0.05M Tris pH 7.0, 8.5% vol/vol 
sucrose, 5% vol/vol p-mercaptoethanol, and 2% vol/vol sodium dodecyl sulfate) or by 20 fold dilution in phosphate-buff- 
20 ered saline containing cycloheximide (100 ^ig/ml final concentration) and various concentrations of protease inhibitors. 
After 6 hrs of reaction in tee presence of cycloheximide the mixtures were denatured in disruption buffer, subjected to 
electrophoresis in polyacrylamide gels, electrically transferred to nitrocellulose sheets as described herein (see also Liu 
and Roizman, 1991 and Braun, 1984) and exposed to Kodak X-Omat films. 

25 9. Transffections and Superinfection of Cells Transfected With Plasmid DNAs 

[0178] Transfections were done as described by Kristie and Roizman (1984) except that wells were generally trans- 
fected with 10ug of plasmid DNA. 6-well Costar (Cambridge, Mass.) dish cultures of BHK, cells contained approxi- 
mately 10 6 cells per well. In most experiments, the transfected cells were exposed 18 to 20 hours post transfection to 

30 1 0 pfu of HSV-1 (F) or HSV-2(G) per cell as stated in the Results. After 2 hours of exposure of cells to virus at 1 0°C, the 
inoculum was replaced with Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum and the 
cells were incubated at 34°C, 37°C, or 39°C for 20 hours. In the experiments which did not involve viral infection, the 
cells were harvested 40-42 hours post transfection. At 20 hr. postinfection, cells were labelled for 2 hr with 50 n Ci of 
35 S methionine in 1 ml of medium (199 without methionine supplemented with 1% calf serum). The harvested cells 

35 were washed once with phosphate-buffered saline, pelleted by centrifugation at about 4,000 rpm for 5 min in a SS34 
Sorvall rotor spun in a DuPont centrifuge, suspended in the disruption buffer, sonicated for 20 seconds in ice, and boiled 
for 1 minute before electrophoretic separation in denaturing gels (see also Liu and Roizman, 1991a and b; Ejercito et 
al„ 1968). 

40 10. Electrophoretic Separation and Staining of Infected Cell Proteins With Monoclonal Antibody 

[0179] The denatured, solubilized polypeptides from cell lysates or in vitro translation were separated on 9.5% or 
12% (vol/vol) SDS-polyacrylamide gels crosslinked with N.N'-diallyltartardiamide as described by Gibson and Roizman 
(1972, 1974), and Braun et al. (1984). The separated polypeptides from BHK cells were transferred electrically to nitro- 
45 cellulose membranes and reacted in an enzyme-linked immunoassay with only anti-mouse IgG conjugated with horse- 
radish peroxidase (Amersham, Arlington Heights. IL) or with this anti-mouse IgG in addition to the monoclonal 
antibodies H725 against HSV-1 , ICP35 or CH28-2 against CMV epitope, as previously described (Braun et al., 1984). 
The gels containing the separated polypeptides translated from the reticulocyte lysate were dried and exposed to 
Kodak X-Omat film. 

50 

11. Isolation and S1 Analysis of Cytoplasmic RNA 

[0180] Cytoplasmic RNA was purified as described previously by Jenkins and Howett (1 984) from Vero cells mock 
infected or infected with 20 PFU of HSV-1 (F) per cell and maintained for 12 h. HSV-1 DNA probe (0.02 pmol) was 5' end 
55 labeled with [^ 2 P]ATP (Dupont, NEN Research Products), hybridized to 50 \ig of total cytoplasmic RNA, digested with 
S1 nuclease, and separated on 7% polyacrylamide gels in the presence of 8 M urea (Jenkins and Howett, 1984). 
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12. Methods of Preparing the Proteins of the Present Disclosure 

[0181] Recombinant vectors are useful both as a means for preparing quantities of the protease or ICP35 encoding 
DNA itself, or as a means for preparing the encoded proteins. It is contemplated that where proteins of the invention are 

5 made from recombinant means, one may employ either prokaryotic or eukaryotic expression systems. 

[0182] Where expression of herpes nucleic acid segments in a eukaryotic host is contemplated, it may be desirable 
to employ a vector, such as a plasmid, that incorporates a eukaryotic origin of replication, as exemplified by vectors of 
the pCMV series, like pCMV4. Additionally, for the purposes of expression in eukaryotic systems, one will desire to posi- 
tion the protease or ICP35 encoding sequence adjacent to and under control of an effective eukaryotic promoter, such 

10 as an SV40 or CMV promoter. To bring a coding sequence under the control of a promoter, whether it be a eukaryotic 
or prokaryotic promoter, all that is generally needed is to position the 5' end of the transcription initiation site of the tran- 
scriptional reading frame of the protein between about 1 and about 50 nucleotides downstream of the promoter chosen. 
[0183] Furthermore, where eukaryotic expression is contemplated, one will desire to incorporate into the transcrip- 
tional unit which includes the desired peptide or protein, an appropriate polyadenylation site(e.g.5'-AATAAA-3'). Typi- 

15 cally, the poly A site is placed about 30 to 2000 nucleotides "downstream" of the termination site of the protein at a 
position prior to transcription termination. 

[0184] Useful eukaryotic vectors which include all of the foregoing, and into which the herpes genes of the present 
invention can be inserted with little difficulty are well known. For example, suitable vectors include pCD and pCMV, with 
the most preferred system being pCMV. In addition to pCD and pCMV vectors, other preferred eukaryotic expression 
20 vectors include pMSG and pSVL from Pharmacia LKB Technology, Piscataway, N.J. These utilize the MMTV and SV40 
late promoters, respectively. A cDNA incorp orati ng the entire reading fram^ of the her pes protein , such as shown in 
FIG. 1 , can be readily inserted into one of the foregoing vectors via the Hindi 1 1 restriction site (AAGCTT) "upstream" of 
(i.e. 5' of) the initiation codon (ATG) that begins translation of the encoded ICP35 precursor. 
[0185] It is contemplated that virtually any of the commonly employed eukaryotic host cells can be used in connec- 
ts tion with herpes gene expression in accordance herewith. Examples include lines typically employed for eukaryotic 
expression such as AtT-20, HepG2, VERO, HeLa, CHO, Wl 38, BHK, COS-7 RIN and MDCK cell lines. A preferred line 
for use in eukaryotic expression embodiments of the present invention is the BHK system. 

[0186] Prokaryotic expression is an alternative which can be employed where desired. Although not required, 
where prokaryotic expression is envisioned, one will generally desire to employ a transcriptional unit which incorporates 

30 a reading frame corresponding only to the desired peptide itself, represented by embodiments in FIG. 1 , so that further 
processing will not be required. Typically, prokaryotic promoters which may be employed include P|_,T7 and lac pro- 
moter, with T7 being generally preferred. Other preferred bacterial expression vectors include plasmid PKK233-2 and 
PKK233-3, available from Pharmacia LKB Technology. These utilize the tac and trc promoters, respectively. 
[0187] Of course, even where a eukaryotic hook-up and expression is used, one will nevertheless desire to include 

35 a prokaryotic origin of expression, as well as selective markers operable in prokaryotic systems, to allow "shuttling" of 
sequences from construction in prokaryotic to expression in eukaryotes. 

[0188] In certain embodiments, one may desire to simply prepare herpes proteins or peptides in accordance with 
the present invention by non-recombinant synthetic means, such as by chemical synthesis of peptides or cell-free ribos- 
omal "machine".. Suitable peptide synthesizers are commercially available (Applied Biosystems), and may be 
40 employed. 

[0189] In certain embodiments of the invention it is contemplated that DNA fragments both shorter and longer 
which incorporate sequences from FIG. 1 will find additional utilities, including uses in the preparation of short active 
peptides or even as short DNA fragment hybridization probes, e.g., in screening clone banks. In any event, fragments 
corresponding to the FIG. 1 sequence for stretches of as short as 14-20 or so nucleotides, will find utility in accordance 
45 with these or other embodiments. By having stretches of at least about 1 4 nucleotides in common with the nucleic acid 
segments of FIG. 1 , or their complements, a DNA segment will have the ability to form a preferential hybrid with herpes 
species DNA, particularly under more stringent conditions such as 0.1 5M NaCI and 0.02M sodium citrate pH 7.4 at 
50°C. 

While a complementary or common stretch of about 14 or so nucleotides will ensure the ability to form a stable hybrid, 
so longer stretches of complementarity may prove more desirable for certain uses. Thus, one may desire for certain uses 
DNA segments incorporating longer stretches of complementarity, for example, on the order of 18, 22 or even 25 or so 
bases. 

13. Antifrpdips Against flip Prpfcins Qf the Present Disclosure 

55 

[0190] In other embodiments, the disclosure concerns the preparation of antibodies to the herpes proteas and 
species derived therefrom, either recombinant or non-recombinantly prepared. For example, it is contemplated that 
antibodies prepared against the herpes protease of FIG. 1 , or other non-human species such as bovine or porcine, will 
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have certain advantages over antibodies prepared against the human species, particularly in embodiments where an 
immuno-binding of reduced strength is desired. 

[01 91 ] Compositions which include monoclonal antibodies of the present invention may be prepared by first fusing 
spleen cells of a rodent with myeloma cells from the same rodent species, wherein the rodent providing the spleen cells 
s has been immunized with the herpes peptide, precursor, or related peptides. The rodent species utilized will generally 
be a mouse, particularly where one seeks to make an antibody against the herpes protease of FIG. 1 . Of course, where 
a protease is prepared which incorporates structural variations over the one will likely be able to successfully employ a 
hybridoma system according to the species of interest. 

[0192] In addition, the present disclosure provides a method for isolating proteases from other species which may 

10 be found antigenically cross-reactive with that of HSV-1 . This method includes preparing an immunoadsorbent material 
having attached thereto an antibody to the protease. Numerous immunoadsorbent materials are known to those skilled 
in the art and include, for example, Affi-Gel, Cn-Sepharose, protein A=Sepharose, and numerous other well known 
immunoadsorbent techniques. All such techniques are applicable to the present disclosure and should prove useful in 
the isolation of the immuno cross-reactive species (for a more complete listing, see Monoclonal Hybridoma Antibodies: 

is Techniques and Applications. John G. Hurrell, ed., CRC Press, 1982, incorporated herein by reference). 

[0193] Moreover, kits may be provided to allow for a clinical detection of the herpes protease, and related pro- 
teases, in a biologic sample. Such kits would include polyclonal or monoclonal antibodies having specificity for the pro- 
tease or immunologically related protease, in combination with an immunodetection reagent. An immunodetection 
reagent is defined as any reagent for detecting or quantifying the formation of antibody/antigen complexes. Typical 

20 immunodetection reagents include the use of radiolabeled or enzyme-labeled antigens or antibodies. Techniques which 
incorporate labeled antibodies include, for example, RIA (radioimmunoassay) and ELISA (enzyme-linked immuno 
assay). However, numerous other techniques are known which may be employed in immunodetection kits. Patents 
which teach suitable techniques include, for example, U.S. Patents 4,446,232; 4,407,943; 4,399,299; and 454,233. 
[0194] Thus, a typical herpes protease detection kit based on the ELISA technique could include the anti-herpes 

25 protease monoclonal antibody or purified protease antigen (where one seeks to detect circulating antibodies), and a 
second "immunodetection" antibody capable of specifically immunoreacting with the purified antigen or anti-protease 
antibody. The second antibody could have a color-generating enzymatic activity associated with it, for example, an 
attached peroxidase molecule. When a second "immunodetection" antibody is employed in this fashion, one will gener- 
ally first form an immunocomplex between the biologic sample to be tested, for example, serum, plasma, urine or tissue 

30 samples, and the antibody. After forming such an immunocomplex, the immunodetection antibody is added to react 
quantitatively with protease-bound antibody. This complex formation is then quantitated through the calorimetric perox- 
idase assay. 

[0195] An alternative to using the above double-antibody technique, one may incorporate the enzyme or radiolig- 
and directly on the anti-protease antibody, and quantification made directly with the use of this directly labeled antibody. 
35 [0196] The foregoing type of kit and method is well known and can be viewed generally as including the steps of 
obtaining a biologic sample from a patient, contacting the biologic sample with anti-herpes protease monoclonal anti- 
body under conditions which will promote the formation of antibody/antigen complexes and detecting the formation of 
a specific immunologic reaction between the monoclonal antibody and the sample. 

[0197] Neutralizing antibodies are also contemplated which, when bound to the protease or a segment thereof, 
40 render the proteolytic capability of the protease non-functional. 

14. Host Cell Cultures and Vectors 

[0198] In general, prokaryotes are preferred for the initial cloning of DNA sequences and constructing the vectors 
45 useful in the invention. For example. E. coli. K12 strain 294 (ATCC No. 314460) is particularly useful. Other microbial 
strains which may be used include E. coli. strains such as E. coli B, and E. coli X 1 776 (ATTC No. 31 537). These exam- 
ples are, intended to be illustrative rather than limiting. 

[0199] Prokaryotes may also be used for expression. The aforementioned strains, as well as E. coli W3110 (F-, 
lambda-, prototrophic, ATCC No. 273325), bacilli such as Bacillus subtilus, or other enterbacteriacea such as Salmo- 

so neila typhimurium or Serratia marcesans, and various Pseudomonas species may be used. 

[0200] In general, plasmid vectors containing replicon and control sequences which are derived from species com- 
patible with the host cell are used in connection with these hosts. The vector ordinarily carries a replication site, as well 
as marking sequences which are capable of providing phenotypic selection in transformed cells. For example, E. coli 
is typically transformed using PBR322, a plasmid derived from an E. coli species pBR 322 contains genes for ampicillin 

55 and tetracycline resistance and thus provides easy means for identifying transformed cells. The PBR plasmid, or other 
microbial plasmid or phage must also contain, or be modified to contain, promoters which can be used by the microbial 
organism for expression of its own proteins. 

[0201] Hie promoters most commonly used in recombinant DNA construction include the B-lactamase (penicilli- 
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nase) and lactose promoter systems and a tryptophan (trp) promoter system. While these are the most commonly 
used, other microbial promoters have been discovered and utilized, and details concerning their nucleotide sequences 
have been published, enabling a skilled worker to ligate them functionally with plasmid vectors. 
[0202] In addition to prokaryotes, eukaryotic microbes, such as yeast cultures may also be used. Saccharomyces 

5 cerevisiase. or common baker's yeast is the most commonly used among eukaryotic microorganisms, although a 
number of other strains are commonly available. For expression in Saccharomyces, the plasmid Yrp7, for example, is 
commonly used. This plasmid already contains the trp\ gene which provides a selection marker for a mutant strain of 
yeast lacking the ability to grow in tryptophan, for example ATCC No. 44076 or PEP4-1 . The presence of the trp\ lesion 
as a characteristic of the yeast host cell genome then provides an effective environment for detecting transformation by 

10 growth in the absence of tryptophan. 

[0203J Suitable promoting sequences in yeast vectors include the promoters for 3-phosphoglycerate kinase or 
other glycolytic enzymes, such as enolase, glyceraldehyde-3-phosphate dehydrogenase, hexokinase, pyruvate decar- 
boxylase, phosphofructokinase, glucose-6-phosphate isomerase, 3-phosphoglycerate mutase, pyruvate kinase, triose- 
phosphate isomerase, phosphoglucose isomerase, and glucokinase. In constructing suitable expression plasmids, the 

is termination sequences associated with these genes are also ligated into the expression vector 3* of the sequence 
desired to be expressed to provide polyadenylation of the mRNA termination. Other promoters, which have the addi- 
tional advantage of transcription controlled by growth conditions are the promoter region for alcohol dehydrogenase 2, 
isocytochrome C, acid phosphatase, degradative enzymes associated with nitrogen metabolism, and the aforemen- 
tioned glyceraldehyde-3-phosphate dehydrogenase, and enzymes responsible for maltose and galactose utilization. 

20 Any plasmid vector containing a yeast-compatible promoter, origin of replication and termination sequences is suitable. 
[0204] In addition to microorganisms, cultures of cells derived from multicellular organisms may also be used as 
hosts. In principle, any such cell culture is workable, whether from vertebrate or invertebrate culture. However, interest 
has been greatest in vertebrate cells, and propagation of vertebrate cells in culture (tissue culture) has become a rou- 
tine procedure in recent years. Examples of such useful host cell lines are AtT-20 VERO and HeLa cells, Chinese ham- 

25 ster ovary (CHO) cell lines, and W138, BHK, COS-7 293 and MDCK cell lines. Expression vectors for such cells 
ordinarily include (if necessary) an origin of replication, a promoter located in front of the gene to be expressed, along 
with any necessary ribosome binding sites, RNA splice sites, polyadenylation site, and transcriptional terminator 
sequences. 

[0205] For use in mammalian cells, the control functions on the expression vectors are often provided by viral mate- 
30 rial. For example, commonly used promoters are derived from polyoma, Adenovirus 2, Cytomegalovirus and most fre- 
quently Simian Virus 40 (SV40). The early and late promoters of SV40 virus are particularly useful because both are 
obtained easily from the virus as a fragment which also contains the SV40 viral origin of replication. Smaller or larger 
SV40 fragments may also be used, provided there is included the approximately 250 bp sequence extending from the 
Hind III site toward the Bg1 site located in the viral origin of replication. Further, it is also possible, and often desirable, 
35 to utilize promoter or control sequences normally associated with the desired gene sequence, provided such control 
sequences are compatible with the host cell systems. 

[0206] An origin of replication may be provided either by construction of the vector to include an exogenous origin, 
such as may be derived from SV40 or other viral (e.g., Polyoma, Adeno, HSV, BPV, CMV source, or may be provided 
by the host cell chromosomal replication mechanism. If the vector is integrated into the host cell chromosome, the latter 
40 is often sufficient. 

15, Nucleic Acid Hybridization to Detect the Sequences Capable of Coding for the Serine Proteases, the ICP35 
Proteins or their Biologically Functional Equivalents. 

45 [0207] The nucleic acid sequence information provided by the invention allows for the preparation of relatively short 
DNA (or RNA) sequences having the ability to specifically hybridize to gene sequences capable of coding for at least 
the proteolytic domain of the proteases or the cleavage site of the ICP35 problems. In these aspects, nucleic acid 
probes of an appropriate length are prepared based on a consideration of the sequence shown in FIG. 1 . The ability of 
such nucleic acid probes to specifically hybridize to the proteases or ICP35 gene sequences lend them particular utility 

so in a variety of embodiments. Most importantly, the probes can be used in a variety of assays for detecting the presence 
of complementary sequences in a given sample. Other uses are envisioned, including the use of the sequence infor- 
mation for the preparation of mutant species primers, or primers for use in preparing other genetic constructions. 
[0208] To provide certain of the advantages in accordance with the invention, the preferred nucleic acid sequence 
employed for hybridization studies or assays includes sequences that are complementary to at least a 14 base nucle- 

55 otide stretches of the sequence shown in FIG. 1 . A size of at least 1 4 nucleotides in length helps to ensure that the frag- 
ment will be of sufficient length to form a duplex molecule that is both stable and selective. Such fragments may be 
readily prepared by, for example, directly synthesizing the fragment by chemical means, by application of nucleic acid 
reproduction technology, such as the PCR technology of U.S. Patent 4,603,102, or by introducing selected sequences 
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into recombinant vectors for recombinant production. Segments of from 1 8 to 25, or even 30 to 40 bases, all the way up 
to sizes large enough to encode a complete gene or genes, are also within the scope of this invention. 
[0209] Accordingly, the nucleotide sequences of the invention are important for their ability to selectively form 
duplex molecules with complementary stretches of the gene. Depending on the application envisioned, varying condi- 

5 tions of hybridization may be employed to achieve varying degree of selectivity of the probe toward the target sequence. 
For applications requiring a high degree of selectivity, relatively stringent conditions may be employed to form the 
hybrids, for example, selecting relatively low salt and/or high temperature conditions, such as provided by 0.02M-0. 1 5M 
NaCI at temperatures of 50°C to 70°C. These conditions are particularly selective, and tolerate little, if any, mismatch 
between the probe and the template or target strand. 

10 [0210] Of course, for some applications, for example, preparation of mutants employing a mutant primer strand 
hybridized to an underlying template, or to isolate protease or ICP35 coding sequences from related species, functional 
equivalents, or the like, less stringent hybridization conditions are called for in order to allow formation of the heterodu- 
plex. In these circumstances, conditions employed would be, e.g., such as 0.15M-0.9M salt, at temperatures ranging 
from 20°C to 55°C. Cross-hybridizing species can thereby be readily identified as positively hybridizing signals with 

75 respect to control hybridizations. In any case, it is generally appreciated that conditions can be rendered more stringent 
by the addition of increasing amounts of formamide, which serves to destabilize the hybrid duplex in the same manner 
as increased temperature. Thus, hybridization conditions can be readily manipulated, and thus will generally be a 
method of choice depending on the desired results. 

[0211] In certain embodiments, it will be advantageous to employ nucleic acid sequences of the present invention 
20 in combination with an appropriate means, such as a label, for determining hybridization. A wide variety of appropriate 
indicator means are known in the art, including radioactive, enzymatic or other ligands, such as avidin/biotin, which are 
capable of giving a detectable signal. In preferred diagnostic embodiments, an enzyme tag such as urease, alkaline 
phosphatase or peroxidase, may be employed instead of radioactive or other environmental undesirable reagents. In 
the case of enzyme tags, calorimetric indicator substrates are known which can be employed to provide a means visible 
25 to the human eye or spectrophotometrically, to identify specific hybridization with complementary nucleic acid-contain- 
ing samples. 

[0212] In general, it is envisioned that the hybridization probes described herein will be useful both as reagents in 
solution hybridization as well as in embodiments employing a solid phase. In embodiments involving a solid phase, the 
test DNA (or RNA) is adsorbed or otherwise affixed to a selected matrix or surface. This fixed, single-stranded nucleic 

30 acid is then subjected to specific hybridization with selected probes under desired conditions. The selected conditions 
will depend on the particular circumstances based on the particular criteria required (depending, for example, on the 
G+C contents, type of target nucleic acid, source of nucleic acid, size of hybridization probe, etc.). Following washing 
of the hybridized surface so as to remove nonspecif ically bound probe molecules, specific hybridization is detected, or 
even quantified, by means of the label. 

35 [0213] One method of making molecules for detection of cell extracts is to use fluorescent probes. Fluorescent 
probes are well known to those skilled in the art. An example of a method is to bind fluoresce in- labeled avidin (Vector 
Laboratories, Burlingame, Ca) to a biotin-labeled protein. The signal may be enhanced. 

[0214] The present invention has been described in terms of particular embodiments found or proposed by the 
present inventors to comprise preferred modes for the practice of the present invention. It will be appreciated by those 
40 of skill in the art that numerous modifications and changes can be made in the particular embodiments exemplified with- 
out departing from the invention as defined in the claims. 
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Claims 

1 . Use of the U L 26 open reading frame gene product of Herpes Simplex Virus 1 as a protease. 

2. The use of Claim 1 , wherein said product is a serine protease. 

3. The use of Claim 1 or 2, wherein said product comprising an apparent molecular weight of approximately 75kd to 
85kd as determined by SDS-PAGE gel electrophoresis. 

4. The use of Claim 3, wherein said product is further being defined as migrating as essentially a single band after 
preparation in a reticulocyte lysate ribosome system, followed by SDS-polyacrylamide gel electrophoresis and 35 S 
labelling, said band corresponding to an apparent molecular weight of approximately 75-85kd. 

5. The use of a protein product comprising at least the domains II extending from approximately position 10 to 218 
and III extending from approximately position 218 to 306 of the U L 26 open reading frame gene product as shown 
in Fig. 17 as a protease, whereby the protein product is not the entire U L 26 open reading frame gene product. 

6. The use of claim 5 wherein said product is further identified as comprising an amino acid sequence of greater than 
306-635 amino acids, and a protease cleavage site located about 18-25 amino acids from the carboxyl terminus. 

7. The use of claim 5 or 6, wherein said product comprises four domains, said domains designated respectively I, II, 
III and IV, and said domains defined by amino acids sequences included within an amino acid sequence character- 
ising the protease. 

8. A method of cleaving a herpes molecule, said method comprising treating the molecule with a protease encoded 
by the U L 26 open reading frame. 

9. Use of an inhibitor of the protease encoded by the U L 26 open reading frame for the manufacture of a medicament 
for the treatment of a herpes infection. 
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10. The use of claim 9, wherein the herpes infection involves herpes simplex virus type I. 

1 1 . A method for determining the ability of a candidate substance to modify the action of the protease encoded by the 
U L 26 open reading frame, said method comprising :- 

5 

a) preparing a protease encoded by the U L 26 open reading frame; 

b) combining the protease with the candidate inhibitor substance in a reaction mixture; 
10 c) introducing into the mixture a substrate capable of being cleaved by the protease; and 

d) determining whether the candidate substance has modified the action of the protease on the substrate; 

12. The method of claim 1 1 , wherein the candidate substance comprises chymostatin, diisopropyl, fluorophosphate or 
15 phenylmethanesulfonyl fluoride. 

13. The method of claim 11 or 12, wherein the protease is prepared through the application of recombinant genetic 
technology. 

20 14. The method of claim 13, wherein the protease is prepared by: 

a) preparing an expression vector including at least a nucleic acid sequence encoding for the proteolytic 
domain of the entire protease; 

25 b) placing the expression vector in an appropriate host cell under conditions which permit expression of the 

coding sequence; and 

c) collecting the protease from the cell. 

30 15. The method of any of claims 11-14, wherein it is determined whether the candidate substance has exerted any 
inhibitory effect upon the action of the protease on the substrate. 

PafenfansprQche 

35 1 . Verwendung des Genproduktes des offenen Leserahmens U L 26 des Herpes-Simplex-Virus 1 als eine Protease. 

2. Die Verwendung nach Anspruch 1 , wobei besagtes Produkt eine Serin-Protease ist. 

3. Die Verwendung nach Anspruch 1 Oder 2, wobei besagtes Produkt ein scheinbares Molekulargewicht von ungefahr 
40 75kd bis 85kd umfaBt, bestimmt mil SDS-PAGE-Gelelektrophorese. 

4. Die Verwendung nach Anspruch 3, wobei besagtes Produkt wetter dadurch definiert ist, daB es nach Herstellung 
in einem Reticulocytenlysatribosomensystem, gefolgt von SDS-Polyacrylamidgelelektrophorese und ^S-Markie- 
rung, als im wesentlichen eine einzelne Bande wandert, wobei besagte Bande einem scheinbaren Molekularge- 

45 wicht von ungefahr 75-85kd entspricht. 

5. Die Verwendung eines Proteinproduktes, das wenigstens die Domane II, die sich von ungefahr Position 10 bis 218 
erstreckt, und die Domane III, die sich von ungefahr Position 218 bis 306 erstreckt, des Genproduktes des offenen 
Leserahmens U L 26, wie dargestellt in Fig. 17, umfaBt, als eine Protease, wobei das Proteinprodukt nicht das voll- 

so standige Genprodukt des offenen Leserahmens U L 26 ist. 

6. Die Verwendung nach Anspruch 5, wobei besagtes Produkt weiter dadurch identrf iziert ist, daB es eine Aminosdu- 
resequenz mit mehr als 306-635 Aminosduren und eine Protease-Spaltstelle, die etwa 18-25 Aminosduren vom 
Carboxylterminus angeordnet ist, umfaBt. 

55 

7. Die Verwendung nach Anspruch 5 oder 6, wobei besagtes Produkt vier Domanen umfaBt, wobei besagte Domanen 
mit I, II, III bzw. IV bezeichnet sind, und besagte Domanen durch Aminosduresequenzen definiert sind, die in einer 
Aminosduresequenz eingeschlossen sind, die die Protease charakterisiert. 
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8. Ein Verfahren zum Spalten eines Herpesmolekuls, wobei besagtes Verfahren das Behandeln des Molekuls mit 
einer Protease umfaGt, die durch den offenen Leserahmen U L 26 codiert wird. 

9. Verwendung eines Inhibitors der Protease, die von dem offenen Leserahmen U L 26 codiert wird, zur Herstellung 
eines Arzneimittels zur Behandlung einer Herpes-lnfeklion. 

10. Die Verwendung nach Anspruch 9, wobei die Herpes-lnfektion Herpes-Simplex- Virus Typ I betrifft. 

11. Ein Verfahren zur Bestimmung der Fahigkeit einer Kandidatensubstanz, die Wirkung der Protease zu modif izieren, 
die von dem offenen Leserahmen U L 26 codiert wird, wobei besagtes Verfahren umfaBt: 

a) Herstellen einer Protease, die von dem offenen Leserahmen U L 26 codiert wird; 

b) Zusammenbringen der Protease mit der Kandidateninhibitorsubstanz in einer Reaktionsmischung; 

c) Einfuhren eines Substrates in die Mischung, das von der Protease gespalten werden kann; und 

d) Bestimmen, ob die Kandidatensubstanz die Wirkung der Protease auf das Substrat modifiziert hat. 

12. Das Verfahren nach Anspruch 11, wobei die Kandidatensubstanz Chymostatin, Diisopropylfluorphosphat Oder 
Phenylmethansulfonylfluorid umfaBt. 

13. Das Verfahren nach Anspruch 1 1 oder 12, wobei die Protease durch die Anwendung rekombinanter Gentechndo- 
gie hergesteltt wird. 

14. Das Verfahren nach Anspruch 13, wobei die Protease hergestellt wind, indem: 

a) ein Expressionsvektor hergestellt wird, der wenigstens eine NucleinsSuresequenz einschlie&t, die fur die 
proteolytische Domane der gesamten Protease codiert; 

b) der Expressionsvektor unter Bedingungen, die die Expression der Codierungssequenz erlauben, in eine 
geeignete Wirtszelle gebracht wird; und 

c) die Protease aus der Zelle gesammelt wird. 

1 5. Das Verfahren nach einem der Anspruche 1 1 bis 1 4, wobei bestimmt wird, ob die Kandidatensubstanz irgendeinen 
inhibitorischen Effekt auf die Wirkung der Protease auf das Substrat ausgeQbt hat. 

Revendications 

1 . Utilisation du produit g6nique k cadre de lecture ouvert U L 26 du virus Herpes Simplex 1 en tant que protease. 

2. Utilisation selon la revendication 1 , dans laquelle ledrt produit est une serine protease. 

3. Utilisation selon la revendication 1 ou 2, dans laquelle ledit produit comprend un poids mol6culaire apparent 
approximatif de 75 kD k 85 kD, tel que determine par eiectrophorese sur gel SDS-PAGE. 

4. Utilisation selon la revendication 3, dans laquelle ledit produit est en outre d6f ini comme migrant pratiquement sous 
la forme d'une bande unique apr&s preparation dans un syst&me ribosomique de lysat de reticulocytes, suivie 
d'une eiectrophorese sur gel de polyacrylamide - SDS et marquage au 35 S, ladite bande correspondent k un poids, 
moieculaire apparent approximatif de 75 k 85 kD. 

5. Utilisation d'un produit proteinique comprenant au moins les domaines II s'etendant approximativement des posi- 
tions 10 k 218 et III s'etendant approximativement des positions 218 k 306 du produit g6nique k cadre de lecture 
ouvert U L 26 tel que represents sur la Figure 1 7, k titre de protease, en consequence de quoi le produit proteinique 
n'est pas le produit ggnique k cadre de lecture ouvert U L 26 entier. 

6. Utilisation selon la revendication 5, dans laquelle ledit produit est en outre identrfie comme comprenant une 
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sequence d'acides amines ayant plus de 306 k 635 acides amines, et un site de coupure par une protease situ6 k 
environ 18 k 25 acides amines par rapport k I'extr6mit6 terminate carboxyle. 

7. Utilisation selon la revindication 5 ou 6, dans laquelle ledit produit comprend quatre domaines, lesdits domaines 
5 etant d6sign6s respectrvement I, II, III et IV, et lesdits domaines etant definis par des sequences d'acides amines 

englob6es k Tinterieur d'une sequence d'acides amines caracterisant la protease. 

8. Procede de coupure d'une molecule d'herpes, ledit proc6d6 comprenant le traitement de la molecule avec une pro- 
tease cod6e par le cadre de lecture ouvert U L 26. 

w 

9. Utilisation d'un inhibiteur de la protease cod6e par le cadre de lecture ouvert U L 26 pour la fabrication d'un medica- 
ment destine au traitement d'une infection par herpes. 

1 0. Utilisation selon la revendication 9, dans laquelle ('infection par herpes met en jeu le virus Herpes Simplex de type I. 

15 

1 1 . Proc6d6 pour determiner I'aptitude d'une substance candidate k modifier Taction de la protease codee par le cadre 
de lecture ouvert U L 26, ledit procede comprenant : 

a) la preparation d'une protease codee par le cadre de lecture ouvert U L 26 ; 
20 b) la combinaison de la protease avec la substance inhibitrice candidate dans un melange reactionnel ; 

c) Tintroductiondans le melange d'un substrat susceptible d:§tre.coup6 par la.protease ; et 

d) la determination du fait que la substance candidate a ou non modif i6 faction de la protease sur le substrat. 

1 2. Procede selon la revendication 1 1 , dans lequel la substance candidate comprend la chymostatine, le diisopropyle, 
25 un f luorophosphate ou le f luorure de phenylmethanesulfonyle. 

1 3. Procede selon la revendication 11 ou 1 2, dans lequel la protease est prepare par ('application d'une technique de 
recombinaison g6n6tique. 

30 14. Procede selon la revendication 13, dans lequel la protease est prepare par : 

a) preparation d'un vecteur d'expression comprenant au moins une sequence d'acides nucieiques codant le 
domaine proteolytique de la protease entire ; 

b) disposition du vecteur d'expression dans une cellule hdte appropriee dans des conditions qui permettent 
35 ('expression de la sequence codante ; et 

c) recueil de la protease k partir de la cellule. 

15. Procede selon Tune quelconque des revendications 11 & 14, dans lequel il est determine si la substance candidate 
a ou non exerce un quelconque effet inhibiteur sur Taction de la protease sur le substrat. 

40 
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